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PREFACE. 



The solution of a problem by arithmetic, although 
in some cases more laborious than the algebraic method, 
gives the better comprehension of the subject. Arith- 
metic is analysis and bears the same relation to algebra 
that plane geometry does to analytical geometry. Its 
power is comparatively limited, but it is exceedingly 
instructive in its treatment of questions to which it 
applies. 

In the following work the problems of electrical en- 
gineering and practical operations are investigated on 
an arithmetical basis. It is believed that such treatment 
gives the work actual value in the analytical sense, as 
^ it necessitates an explanation of each problem, while 

^^ the adaptability of arithmetic to readers who do not 

K: care to use algebra will make this volume more widely 

available. 
In electricity there is much debatable ground, which 
^ has been as far as possible avoided. Some points seem 

J y quite outside of the scope of this book, such as the intro- 

duction of the time-constant in battery calculations. 
^ Again the variation in constants as determined by dif- 

^ ferent authorities made a selection embarrassing. It is 

believed that some success has been attained in over- 
coming or compromising difELculties such as those sug- 
gested. 






Iv PREFACE. 

Enough tables have 'leen Introduced to fill the limits 
of the subject as here treated. 

The full development of electrical laws Involves the 
higher mathematics. One who would keep up with the 
progress of the day in theory has a severe course of 
study before him. In practical work it is believed that 
such a volume as the Arithmetic of Electricity will 
always have a place. We hope that it will be favorably 
received by our readers and that their indulgence will 
give it a more extended field of usefulness than it can 
pretend to deserve. 



PREFACE TO TWENTY-FIRST EDITION. 

The steady progress of electrical science in conjunc- 
tion with a continued demand for this work have made 
advisable a revision and extension of this book. 

The author feels that in the matter which has been 
added much more could have been said on the subjects 
treated of, but, since a full exposition of each theme 
would alone fill a volume, it is hoped that the practical 
value of the rules, etc., will atone for the brevity of the 
text. 

In the preparation of this edition the author would 
express his indebtedness to A. A. Atkinson's excellent 
work on Electrical and Magnetic Calculations and ali^o 
to the instruction papers of the Electrical Engineering 
Course of the International Correspondence School of 
Scranton, Pa. He would also express his thanks to 
Henry V. A. Parsell, for his valued advice and assistance 
in the preparation of the manuscript. 

The Avthob. 
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AEITHMETIC OF ELECTRICITY. 



CHAPTEE L 

INTRODUOTOEY. 



Space is the lineal distance from one point to 
another. 

Time is the measure of duration. 

Force is any cause of change of motion of matter. 
It is expressed practically by grams^ yolts^ pounds 
or other unit. 

Besistance is a counter-force or whatever opposes 
the action of a force. 

Work is force exercised in traversing a space 
against a resistance or counter-force. Force multi- 
plied by space denotes work as foot-pounds. 

Energy is the capacity for doing work and is 
measurable by the woik units. 

Mass is quantity of matter. 

Weight is the force apparent when gravity acts 
upon mass. When the latter is prevented from 
moving under the stress of gravity its weight can 
be appreciated. 
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Physical and Mechanical calculation^ are based on 
three fundamental units of dimension^ as follows: 
the unit of time — ^the second, T; the unit of length 
— ^the centimeter, L; the unit of mass — the gram, 
M. Concerning the latter it is to be distinguished 
from weight. The gram is equal to one cubic centi- 
meter of water under standard conditions and is 
invariable; the weight of a gram varies slightly with 
the latitude and with other conditions. 

Upon these three fundamental units are based the 
derived units, geometrical, mechanical and electrical. 
The derived units are named from the initials of 
their units of dimension, the C. G. S. units, indi- 
cating centimeter-gram-second units. 

In practical electric calculations we deal with 
certain quantities selected as of convenient size 
and as bearing an easily defined relation to the 
fundamental units. They are called practical 
units. 

The cause of a manifestation of energy is force; 
if of electromotive energy, that is to say of electric 
energy in the current form, it is called electromotive 
force, E. M. F. or simply E. or difference of poten- 
tial D. P. What this condition of excitation may 
be is a profound mystery, like gravitation and much 
else in the physical world. The practical *unit of 
E. M. F. is the volt, equal to one hundred mil- 
lions (100,000,000) 0. G. S. units of E. M. F. The 
last numeral is expressed more briefly as the eighth 
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power of 10 or 10^. Thus the volt is defined aa 
equal to 10« 0. G. S. units of E. M. P. 

This notation in powers of 10 is used throughout 
0. G. S. calculations. Division by a power of 10 is 
expressed by using a negative exponent, thus 10~* 
meaus loooboog . The exponent indicates the number 
of ciphers to be placed after 1. 

When electromotive force does work a current is 
produced. The practical unit of current is the 
AMPEBE, equal to A 0. G. S. unit, or 10~* 0. G. S. 
unit, ^ being expressed by 10"^ 

A current of one ampere passing for one second 
gives a quantity of electricity. It is called the 
COULOMB and is equal to 10~^ 0. G. S. units. 

A coulomb of electricty if stored in a recipient 
tends to escape with a definite E. M. F. If the 
recipient is of such character that this definite E. 
M. F. is one volt, it has a capacity of one Fabad 
equal to t ooo< A )oooo or 10^ 0. G. S. unit. 

A current of electricity passes through some 
substances more easily than through others. The 
relative ease of passage is termed conductance. In 
calculations its reciprocal, which is resistance, is 
almost universally used. A current of one ampere 
is maintained by one volt through a resistance of 
one practical unit. This unit is called the Ohm and 
is equal to 10" 0. G. S. units. 

Sometimes, where larger units are wanted, the pre- 
fix deka, ten times, heka, one hundred times, kilo, one 
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thonsand times^ or mega, one million times are used, 
fUs dekalitre, ten liters^ kilowatt, one thousand watts, 
megohm, one million ohms. 

Sometimes, where smaller units are wanted, the 
prefixes, deci, one tenth, centi, one hundredth, milli, 
one thousandth, micro, one millionth, are used. A 
microfarad is one millionth of a farad. 

For the concrete conception of the principal units 
the following data are submitted. 

A Danieirs battery maintains an E. M. F. of 1.07 
volt* A current which in each second deposits 
.00033 grams copper (by electro-plating) is of one 
ampere intensity and from what has been said the 
copper deposited by that current in one second cor- 
responds to one (milomh. A column of mercury one 
millimeter square and 106.24 centimeters long has 
a resistance of one ohm at 0^ 0. The capacity of the 
earth is loitSoo farad. A Leyden jar with a total 
coated surface of one square meter and glass one 
mm. thick has a capacity of -h microfarad. The 
last is the more generally used unit of capacity. 

These practical units are derived from the C. G. 
S. units by substituting for the centimeter (C.) one 
thousand million (lO*) centimeters and for the gram, 
the one hundred thousand millionth (10~^) part of a 
gram* 



CHAPTER 11. 

ohm's law. 

This law expresses the relation in an active 
electric circuit (circuit through which a current of 
electricity is forced) of current, electromotive force, 
and resistance. These three factors are always pres- 
ent in such a circuit. Its general statement is as 
follows : 

In an active electric circuit the current is equal to 
the electromotive force divided by the resistance. 

This law can be expressed in various ways as it is 
transposed. It may be given as a group of rules, to 
be referred to under the general title of ohm's law. 

Rule 1. Tike current Is equal to tlie electromottve 

force dlTided by tlie resistance. C = — 

R 
Rule 2. Tbe electromotive force Is equal to ttte cur- 
rent multiplied by tlie resistance. E = C R 

Rule 3. Tbe resistance Is equal to tlie electromotive 

force divided by tbe current. r = -^ 

C 
Rule 4. Tbe current varies directly wltb tbe electro* 
motive force and Inversely ^rltb tbe resistance. 
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Role 5* Tbe reslstanoe varies directly ^rltli tlie elee* 
tromotlve force and Inversely nvitli tlie current* 

Rale 6. Tike elect romotlTC force varies directly 'vrltli 
tbe current and ivltli tlie resistance. 

This law is the fundamental principle in most 
electric calculations. If thoroughly understood it 
will apply in some shape to almost all engineering 
problems. The forms 1^ 2^ and 3 are applicable to 
integral or single conductor circuits; when two or 
more circuits are to be compared the 4th^ 5th and 6th 
are useful. The law will be illustrated by examples. 

Single Conductor Closed Circuits. 

These are circuits embracing a continuous con* 
ducting path with a source of electromotive force 
included in it and hence with a current continually 
circulating through them. 

Examples. 

A battery of resistance 3 ohms and E. M. F. 1.07 
volts sends a current through a line of wire of 55 
ohms resistance ; what is the current? 

Solution : The resistance is 3 + 55 = 58 ohms. 
By rule 1 we have for the current ^ifl?- giving .01845 
Ampere. 

Note. — A point to be noticed here is that whatever is 
included in a circuit forms a portion of it and its resistance 
must be included therein. Hence the resistance of the 
battery has to be taken into account. The resistance of a 
battery or generator is sometimes called internal resistance 
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to distinguish it from the resistance of the outer circuit, 
called external resistance. Resistance in general is 
denoted by B, electromotive force by E, and current by 
C. 

A battery of B 2 ohms; sends a current of .035 
ampere through a wire of B 48 ohms; what is the 
E. M. P. of the battery? 

Solution: The resistance is 48 + 2 = 50 ohms. By 
Eule 2 we have as the E. M. P. 50 X .035 = 1.75 
volts. 

A maximum difference of potential E. M. P. of 
30 Yolts is maintained in a circuit and a current of 
191 amperes is the result; what is the resistance of 
the circuit? 

Solution: By Bule 3 the resistance is equal to 
fft= .157 ohms. 

In the same circuit several generators or gal- 
vanic couples may be included, some opposing the 
others, i. e. connected in opposition. All such can 
be conceived of as arranged in two sets, distrib- 
uted according to the direction of current produced 
by the constituent elements, in other words, so as 
to put together all the generators of like polarity. 
The voltages of each set are to be added together to 
get the total E. M. P. of each set. 

Rule 7* IVliere batteries or generators are in oppostf* 
tlon, add tosetber tbe E. M. F of all generators of like 
polarity 9 tbns obtalnlnup tiro opposed E. III. F.s. Sub- 
tract tbe smaller E. m. F. firom tbe larger E* HE. F* to 
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obtain tlie eflTectlTe E* III. F» Tlien apply Olun's lair on 
thisliasiaof E.JII.F. 

It will be understood that the resistances of all 
batteries or generators in series are added to give 
the internal resistance. 

Examples. 

There are four batteries in a circuit: Battery No. 
1 of 2 volts, >^ ohm; Battery No. 2 of 1.75 volts, 2 
ohms; Battery No. 3 of 1 volt, 1 ohm; Battery No. 
4 of 1 volt, 4 ohms constants; Batteries 1 and 4 are 
in opposition to 2 and 3. What are the effective 
battery constants? 
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Solution: Voltage = (2 + 1) — (1.75 + 1) = .25 volt. 
Eesistance = j4 + 2+l + 4 = 7j^ ohms, or .25 
volt, 7J^ ohms constants. 

What current will such a combination produce in 
a circuit of 5 ohms resistance? 

Solution: By Ohm's law. Rule 1, the current =« 
.26 "»- (7j4 + 5) = .02 amperes. 

A battery of 51 volts E. M. F. and 20 ohms resist- 
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ance has opposed to it in the same circuit a battery 
of 26 volts E. M. F. and 25 ohms resistance. A 
current of ^ ampere is maintained in the circuit. 
What is the resistance of the wire leads and con- 
nections? 

Solution: The effective E. M. F. is 51 — 26 = 25 
volts. By Eule 3 we have 25 ■*- i =200 ohms, as the 
total resistance. But the resistance of the batteries 
(internal resistance) is 20 + 25 = 45 ohms. The re- 
sistance of leads, etc. (external resistance), is there- 
fore 200 — 45 = 155 ohms. 

Portions of Oibcuits. 

All portions of a circuit receive the same current, 
but the E. M. F., in this case termed preferably dif- 
ference of potential, or drop or fall of potential, 
and the resistance may vary to any extent in differ- 
ent sections or fractions of the circuit. Ohm's Law 
applies to these cases also. 

Examples. 

An electric generator of unknown resistance main- 
tains a difference of potential of 10 volts between its 
terminals connected as described. The terminals 
are connected to and the circuit is closed through a 
series of three coils, one of 100 ohms, one of 50 
ohms, and one of 25 ohms resistance. The connec- 
tions between these parts are of negligibly low re- 
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sistance. What difference of potential exists be- 
tween the two terminals of each coil respectivelyP 

Solution: The solution is most clearly reached by 
a statement of the proportion expressed in Bule 6^ 
viz. : The electromotive force varies directly with the 
resistance. The resistance of the three coils is 175 
ohms; calling them 1^ 2, and 3^ and their differences 
of potential E^, E^ and E', we have the continued 
proportion, 175 : 100 : 50 : 25 :: 10 volts :W:W: W. 
because by the conditions of the problem the total 
E. M. P. = 10. Solving the proportion by the regu- 
lar rule, we find that E' — 5.7, E* — 2.8 and E' — 1.4 
volts. 

The same external circuit is connected to a 
battery of 30 ohms resistance. The difference of 
potential of the 100 ohm coil is found to be 30 volts. 
What is the difference of potential between the ter- 
minals of the battery, and what is the E. M. F. of 
the battery on open circuit, known as its voltage or 
E. M. F. (one of the battery constants)? 

Solution: The total external resistance is 100 + 50 
+ 25 = 175 ohms. By Eule 6, we have 100 : 175 :: 30 
volts : X = 52 J^ volts, difference of potential between 
the terminals of the battery. The current is found 
by dividing (Eule 1), the difference of potential of 
the 100 ohm coil by its resistance. This E. M. F. is 
30. The current therefore is iftfir amperes. The to- 
tal resistance of the circuit is that of the three coils 
or 175 ohm&plus that of the battery or 30 ohms, a 
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total of 205 ohms. To maintain a current of ^ 
amperes through 205 ohms (Eule 2), an E. M. F. is 
required equal to tWt X 205 volts or 6l}i volts. 

Divided, Branched or Shunt Circuits. 

A single conductor, from one terminal of a gener- 
ator may be divided into one or more branches 
which may reunite before reaching the other ter- 
minal. Such branches may vary widely in resist- 
ance. 

Rule 8. In dlTlded ctrcnUs, eacli brancli passes a 
portion of a current Inversely proportional to Its re* 
slstance* 

Examples. 

A portion of a circuit consists of two conductors, 
A and B, in parallel of A = 50, and B == 75 ohms, 
respectively; what will be the ratio of the currents 
passing through the circuit, which will go through 
each conductor? 

Solution: The ratio will be current through A : 
current through B :: 75 : 50, which may be ex- 
pressed fractionally, is : W. 

Where more than two resistances are in parallel, 
the fractional method is most easily applied. 

Three conductors of A = 25, B = 50, and = 75 
ohms are in parallel. What will be the ratio of cur- 
rents passing through each one? 

Solution: Fractionally A : B : :: A • A : i^. 
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Rule 9* To determine tlie amonnt of a slTen emt» 
rent tliat 'vrill pass tlirouKli parallel circuits of dlflTer- 
ent resistances, proceed as folloiirs x Take tlie resist- 
ance of eacli brancb for a denominator of a fi-actlon 
liavlns 1 for Its numerator. In otlier ^rords^ for eacli 
brancli iirrlte doirn tlie reciprocal of Its resistance. 
Tlien reduce tbe firactlons to a common denominator, 
and add tosetber tlie numerators. Taking tbls sum 
of tbe nirmerators for a neir common denominator, 
and tbe original single numerators as numerators, 
tbe neir fractions iirlll express tbe proportional cur« 
rents as fi-actlons of one. If tbe total amperage Is 
given, It Is to be multiplied by tbe fractions to give 
tbe amperes passed by eacb brancb. Tbe solution can 
also be done In decimals. 



Examples. 

A lead of wire divides into three branches; No. 
1 has a resistance of 10^000 ohms^ No. 2 of 39 ohms, 
and No. 3 of i ohm. They unite at one point. 
What proportion of a unitary current will pass each 
branch? 

Solution: The proportion of currents passed are 
as TTrlrnr : A : ^ or 3. Eeducing to a common de- 
nominator, these become irWvir : AWo^o : VaVoW. The 
proportions of the numerators is the one sought for; 
taking the sum of the numerators as a common de- 
nominator, we have in common fractions the follow- 
ing proportions of any current passed by the three 
branches. No. 1, TriWjir; No. 2, tH»»*t; No. 3, 

Four parallel members of a circuit have resistances 
respectively of 25, 85, 90, and 175 ohms; expresg 
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decimally the ratio of a unitary carrent that will 
pass through them. 

Solution: The ratio is as A : A : A : tJt, or reduc- 
ing to decimals (best by logarithms), .04 : .011765 : 
.011111 : .0057. Adding these together, we have 
.068576, which must be multiplied by 14.582 to pro- 
duce unity. Multiplying each decimal by 14.58 
(best by logarithms), we get the unitary ratio as 
.5832 : .17153 : .1620 : .08310, whose sum is 1.0000. 

Unless logarithms are used, it is far bettor to work 
by vulgar fractions. 

A current of .71 amperes passes through two 
branches of a circuit. One is a lamp with its con- 
nections of 115 ohms resistance; another is a resist- 
ance coil of 275 ohms resistance. What current 
passes through each branch? 

Solution: The proportions of the current are as 
tIt : tH or reduced to a common denominator and to 
their lowest terms rffc : rffr. Proceeding as before, 
and taking the sum of the numerators (55 + 23 =«5 
78), as a common denominator, we find that the lamp 
passes ff, and the resistance coil ^ of the whole 
current. Multiplying the whole current, .71 by tt, 
we get MM amperes, or i ampere for the lamp, leaving 
.21 or a little over \ ampere for the resistance coil. 

Another problem in connection with parallel 
branches of a circuit is the combined resistance <rf 
parallel circuits. This is not a case of summa- 
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tion, for it is evident that the more parallel paths 
there are provided for the current, the less will be 
the resistance. 

Rule 10. In •hnnt otrcnlto, tlie resistance of the oom« 
Mned shnnts Is ezpreMed by the rectprooal of the enm 
of the reolprooale of the reelstancee* 

Example. 

Two leads of a 60 volt circuit (leads differing in 
potential by 50 volts), are connected by a 20 ohm 
motor. A 60 ohm lamp and lOOQ ohm resistance 
coil are connected in parallel or shunt circuit there- 
with, what is the combined resistance? and the total 
current? 

Solution: The reciprocal of resistance is conduc- 
tance, sometimes expressed as mhos. (Rule 19.) 
The conductance of the three shunts is equal to 
w "T w T iodo mhos ^ 1000 t looo t irnnr ■*■ rWv 
mhos. The reciprocal of conductance is resistance. 
The combined resistance is .therefore ^V^ ohms ■■ 
14.09 ohms. The current is -^ or 8.6 amperes. 

Rule 11. The eomblned reeletanoe of two parallel 
etronlte !• found by mnltlplylns the reeletanceA to- 
ff etheri and dividing the product by the aunt of the re- 
•letancee. IVhere there are several etrcnlte, any two 
ean be treated thus, and the result combined In <he 
same nvmj w^lth another elrcult^ and so on to set the 
llnal resistance. - _ rxr^ 

Example. ^ 

Four conductors in parallel have resistances of 
100 — 60 — 27 — 19 ohms. What is their combined 
resistance? 
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Solntion: Oombining the first and second, we 
have i^^ = 33i ohms. Oombining this with the 
resistance of the third wire, we have ^^% = 14.9 
ohms. Oombining this with the resistance of the 
fourth wire, we have io^ = 8.3 ohms. The 
result is, of course, identical by whatever rule 
obtained. 

Rale 12* linien all the parallel clrentts are of anl- 
form resistance, as In multiple are Incandescent ll«lit- 
Ins, tike resistance of tlie combined clrcalts Is found by 
dividing the reslstanoe of one circuit by the number of 

circuits. B — ' 

" ~" n 

Examples. 

There are fifty lamps of 100 ohms resistance each 
in multiple arc connection. What is their com- 
bined resistance? 

Solution: W = 2 ohms. 

A motor can take 3 amperes of currents at 
30 volts safely without burning out or heating 
injuriously. A 110 volt incandescent circuit is at 
hand. The motor is to be connected across the 
leads so as to receive the above amperage. A shant 
or branch of some resistance is carried around it, 
and a resistance coil intervenes between the united 
branches and one of the main leads. The resistance 
of the coil is 20 ohms. What should the resistance 
of the shunt be? 
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Solution: The resistance of the motor (Ohm's 
Law, Eule 3), is found by dividing the E. M. P. by 
the resistance — 30 ■*- 3 = 10 ohms. By Eule 5 the 
resistance of the coil in series ^20 ohms) must be to 
the combined (not added) resistance of the motor 
and shunt coil, as 110 — CO (total voltage minus 
voltage for motor) : 30 (voltage for motor) or 20 : 
a; :: 80 : 30 . •. ic = 7.5 combined resistance of parallel 
or shunt coil and motor. The reciprocal of 7.5 
(conductance, Rule 19), may be expressed as Wths of 
the combined (in this case added) conductances of 
shunt coil and motor. The conductance of the 
motor is equal to the reciprocal of 10 which may be 
expressed as A or as •^. The conductance of the 
shunt coil must therefore be Hi -- 1^ = ^^^^ is 
mho. The reciprocal of this gives the resistance of 
the shunt coil which is 30 ohms. The total current 
going through the system by Ohm's law is Tppao ~ ^ 
amperes. The resistance of the shunt coil — 30 ohms 
— ^is to that of the motor in parallel with it — 10 
ohms — as the current received by the motor is to 



OHM'S LAW. 26 

that received by the coil, a ratio of 30 : 10 or 8:1 
giving 3 amperes for the motor and 1 ampere for 
the coil. This is a proof of the correctness of 
operations. 

Two conductors through which a current is 
passing are in parallel circuit with each other. 
One has a resistance of 600 ohms. The other has a 
resistance of 3 ohms. A wire is carried across from 
an intermediate point of one to a corresponding 
point of the other. It is attached at such a point of 
the first wire that there are 400 ohms resistance be- 
fore it and 200 after it. Where must it be connected 
to the other in order that no current may pass? 

Solution: The E. M. F. up to the point of con- 
nection of the bridge or cross wire is to 'the total 
E. M. F. in the 600 ohm wire as 400: 600 or as 2: 3. 
The other wire which by the conditions has the 
same drop of potential in its full length must be 
divided therefore in this ratio. The bridge wire 
must therefore connect at 2 ohms from its begin- 
ning, leaving 1 ohm to follow. The principle here 
illustrated can be proved generally and is the Wheat- 
stone Biidge principle. 



CHAPTER III. 

EBSISTANCE AND CONDUCTANCE. 

Besistance of Different Conductobs of the 
SAME Material. 

Conductors are generally circular in section. 
Hence they vary in section with the square of their 
diameters. The rule for the resistance of conduc- 
tors is as follows: 

Rule 18. Tbe resistance of conductors of Identical 
material varies InTcrsely as their section, or If of circu- 
lar section Inversely as the squares of their diameters, 
and directly as their lensths* 

Example. 

1. A wire a, is 30 mils in diameter and 320 feet 
long; another h, is 28 mils in diameter and 315 feet 
long. What are their relative resistances? 

Solution: Calling the resistances E* : B^ we would 
have the inverse proportion if they were of equal 
lengths R^ : R* :: 30* : 28« or as 900 : 784. Were 
they of equal diameter the direct proportion would 
hold for their lengths: R^ : R* :: 315 : 320. Com- 
bining the two by multiplication we have the com- 
pound proportion R^ : R* :: 900 X 315 : 784 X 320 or 
AS 283,500 : 250,880, or as 28 : 25 nearly, Th« 
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combined proportions could have been originally 
expressed as a compound proportion thus: B^ : B^ :: 
30* X 315 : 28* X 320. 

For wires of equal resistance the following is 
given. 

Rule 14. Tlie leBfftli of one prlre maltlplled by tlie 
square of the diameter of tlie other nrlre must equal the 
square of Its oprn diameter maltlplled by the length of 
the other If their resistances are equal. Or multiply the 
lengrth of the first i^vlre by the square of the diameter of 
the second. This divided by the length of the second 
PFlll give the square of the diameter of the first nvlre; 
or divided by the square of the diameter of the first wtU. 
SiTC the length of the second. Id^ «• 1M> 

Examples. 

1. There are three wires^ a is 2 mils, 2 is 3 mils, 
and (; is 4 mils in diameter; what length must b 
and c have to be equal in resistance to ten feet of af 

Solution: Take a and c first and apply the rule, 
10 X 4" -*-2" = 40 feet; then take a and i 10 X 
3a -*- 2* = 22J^ feet. To prove it compare a and e 
directly by the same rule 22>^ X 4^ + 3» = 40. 
As this gives the same result as the first operation, 
we may regard it as proved. 

A conductor is 75 mils in diameter and 79 feet 
long; how thick must a wire 1264 feet long be to 
equal it in resistance? 

Solution: 75* X 1264 + 79 = 7,110,000 + 79 = 
90,000. The square root of this amount is 300 which 
is the required diameter. 
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For problems involving the comparison of wires of 
unequal resistance the rale may be thus stated: 

Rule 15, multiply tlie square of tlie diameter of eaeli 
ivlre by the lensth of tlie other. Of the tinro produeta 
divide the one by the other to set the ratio of resist- 
ance of the dividend to that of the divisor taken mt 
unity* The term Including the length of a given ivlre 
Is the one expressing the relative resistance of such 
i¥lre« 

Examples. 

A wire is 40 mils in diameter, 3 miles long and 
40 ohms resistance. A second wire is 50 mils in 
diameter and 9 miles long. What is its resistance? 

Solution: 9 X 40^ = 14,400 relative resistance of 
the first wire. 3 X 50^ = 7,500 relative resistance 
of second wire. 14,400 -*- 7,500 = 1.92 — ratio of 
resistance of second wire to that of first taken at 
unity. But the latter resistance really is 40 ohms. 
Therefore the resistance of the second wire is 40 X 
1.92 = 76.80 ohms. 

The result may also be worked out thus: 

40^ X 9 = 14,400 = relative resistance of the 3 mile 
wire. 

50* X 3 = 7500 = relative resistance of the 9 mile 
wire. 

14,400 -»- 7500 = 1.92 = ratio of 9 mile (dividend) 
to 8 mile (divisor) wire. 

.•• 40 ohms X 1.92 = 76.8 ohms. 

A length of a thousand feet of wire 96 mils in 
diameter has 1.15 ohms resistance; what is the di- 
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ameter of a wire of the same material of which the 
resistance of 1000 feet is 10.09 ohms? (B. E. Day, 
M. A.). 

Solution: 10.09 ■•- 1.16 = 8.7? ratio of resistances. 
If we divide 1000 by 8. 77 we obtain a length of the 
first wire which reduces the question to one of iden- 
tical resistances. 1000 ■•- 877 = 114 feet. Then 
applying Rule 14, 114 X 95« -*- 1000 = 1037.88. 
This is the square of the diameter of the other wire. 
Its square root gives the answer: 32.2 mils. 

Specific Bbsistanob. 

Specific resistance is the resistance of a cube of 
one centimeter diameter of the substance in ques- 
tion between opposite sides. It is expressed in 
ohms for solutions and in microhms for metals. 
From it may be determined the resistance of all 
volumes, generally prisms or cylinders, of substance. 
Very full tables of Specific Resistance are given in 
their place. 

Rule 16. Tlie resistance of any prism or cylinder of a 
substance Is equal to Its specific resistance multiplied 
by Its lenstb In centimeters and divided by Its cross* 
sectional area In square centimeters. If tbe dimensions 
are elTcn In incbes or otber units of measurements 
tliey must be reduced to centimeters by tlie table. 

H __ 8p. R X I 

Examples. 
An electro-plater has a bath of sulphate of copper^ 
sp. resistance 40 ohms. His electrodes are each ] 
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foot square and 1 foot apart. What is the resist* 
anee of such a bath P 

Solution : By the table 1 square foot = 929 sq. cent, 
and 1 foot = 30.4797 cent. .'. Besistance = 40 X 
30.4797 + 929 = 1.31 ohms. 

Where the electrodes in a solution are of uneven 
size take their average size per area. The facing 
areas are usually the only ones calculated^ as owing 
to polarization the rear faces are of slight efl&ciency, 
and where the electrodes are nearly as wide as the 
bath or cell the active prism is practically of cross- 
sectional area equal to the area of one side of a plate. 

In a 3unsen battery the specific resistances of the 
solutions in inner and outer cells were made alike, 
each equalling 9 ohms. The central element was a 
}4 inch cylinder of electric light carbon. The outer 
element was a plate of zinc 6 inches long bent into a 
circle. When there were 2 inches of solution in the 
cell what was the resistance? 

Solution : Area of carbon = f X 2 = 3.14 square 
inches. Area of zinc = 2 X 6 = 12 square inches. 
This gives an average facing area of (12 + 3.14) •+■ 
2 = 7.67 square inches = 48.38 sq. cent. The 
distance apart = ^ inches (nearly) = 1.9049 cent. 
.-. Resistance = 9 X 1.9049 -»- 48.38 = .354 ohms. 

For wires, the specific resistance of metals being 
given in microhms, the calculation may be made in 
microhms, or in ohms directly. As wire is cylindri- 
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cal a special caloulation may be made in its case to 
reduce area of cross section to diameter. This may 
\ readily be taken from the table of wire factors, thus 

avoiding all calculation. 

Bole 17. Tlie reslstaneeln mlcroliiiisof a wire of given 
diameter In centimeters Is equal to tlie product of tl&e 
■peclflc resistance by 1.2737 by tbe lenfftli In cenU* 
meters dlTlded by tlie square of tlie diameter In cen* 

tluieters. ^, . 

, Sp. Ret. X «.2737 x L 

BZAMPLBS. 

The Sp. Res. of copper being taken at 1.653 mi- 
crohms what is the resistance of a meter and a half 
of copper wire 1 millimeter thick? 

Solution: The diameter of the wire (1 millimeter) 
is .1 centimeter. The square of .1 is .01. The 
length of the wire (lj4 meter) is 150 centimeters. 
Its resistance therefore is 1.652 X 1.2737 X 160 -•- 
•01 = 31,561 microhms or .031,561 ohms. 

TJkiysbsal BiJLE FOR Besistanoss. 

Into the problem of resistances of one or two wires 
eight factors can enter, these are the lengths, sec- 
tional areas, specific resistances and absolute resist- 
ances of two wires. Their relation may be ex- 
pressed by an algebraic equation, which by transposi- 
tion may be made to fit any case. The rule is 
arithmetically expressed by adopting the method of 
cancellation, drawing a yertical line and placing oqt 
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the left side^ factors to be multiplied together for 
ft divisor^ and on the right side factors to be multi- 
plied together for a dividend. In the expression of 
the rule as below the quotient is 1, in other words 
the product of all the factors on the left hand of 
the line is equal to that of all the factors on the 
right hand. Galling one wire a and the other I we 
have the following expression: 



Besistance of i 
Specific Besistance of a 
Length of a 
Oross-sectional area of b 



Besistance of a 
Specific Besistance of b 
Length of J 
Cross-sectional area of tf 



Rale 18. SalMitltute In tbe above expression tbe Talaes 
of any foctors elTen. Substitute for factors not fflven 
or required tbe figure 1 or unity. Sucb a value doter* 
mined by division must be elven to tbe required foctor 
and substituted In Its place as vrlll make tbe product 
of tbe left-band flictors equal to tbat of tbe rlffbt-band 
Ikctors. Only one flictor can be determined, and all 
Ikctors not given are assumed to be respectively equal 
for botb condactom. 

Examples. 

If the resistance of 500 feet of a certain wire is 
•09 ohms what is the resistance of 1050 feet of the 
same wire? 

Solution: The cross sectional areas and specific 
resistance not being given are taken as equal. (This 
of course follows from the identical wire being re- 
ferred to.) The vertical line is drawn and the 
Tslnei substituted : 
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Resistances: Besistance of .09 

required wire 
Lengths : 600 1050 

(Other factors omitted as unnecessary.) 
1050 X .09 + 500 = .189 ohms. 

What is the diameter of a wire 2 miles long of 
23 ohms resistance, if a mile of wire of similar ma- 
terial of seventy mils diameter has a resistance of 
10.82 ohms? 

Solation. We use for simplicity the square of the 
diameter in place of the cross sectional area of the 
known wire, thus: 



Resistances : 


23 


10.82 


Lengths : 


1 


2 


Areas : 


Unknown 


70* 



As the specific resistances are identical they are 
not given. 

2 X 70^ X 10.82 + 23 X 1 = 4610 square of diameter 
required : 4610^ — 68 mils. 

What must be the length of an iron wire of cross- 
sectional area 4 square millimeters to have the same 
resistance as a wire of pure copper 1000 yards long, 
of cross-sectional area 1 square millimeter, taking 
the conductance of iron as | that of copper? (Day). 

Solution: 
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Specific Resistances : 1 

Lengths : 1000 

Cross-sectional areas : 4 



7 (i.e. the reciprocal of 

conductance) 
Unknown 
1 



As the resistances are identical they are not 
given. 

Solving we have 1000 X 4 ■•- 7 = 571f yards. 

There are two conductors, one of 35 ohms resist- 
ance, 1728 feet long and 12 square millimetres cross- 
sectional area and specific resistance 7: the other of 
14 ohms resistance, 432 feet long and 8 square milli- 
metres cross-sectional area. What is its specific 
resistance? 



Resistances.* 85 

Specific Resisvanoes 
Unknown 
Lengths: 433 

Cross- Sectional areas : 12 



14 

7 

1728 

8 



By cancellation this reduces to 14X8-«-5X3=» 

7.4 Specific Besistance. 

In these cases it is well to call one wire a and the 
other J, and to arrange the given -factors in two 
columns headed by these designations. Then the 
formula can be applied with less chance of error. 
Thus for the last two problems the columns should 
be thus arranged. ' 
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85 



a 



Area, 4 sq. mils. 
L. Unknown 
Sp. Bes. 7 



Resist. 85 ohms 
1,000 yards L. 1,728 foet 

Area, 12 sq. mils. 
Sp. Bes 7 



14 ohms 
432 feet 
8 sq. mils, 
required 



From such statements of known data the formula 
can be conveniently filled up. 

Eesistancb of Wibes Refebbbd to Weight, 

The weight of equal lengths of wire is in propor- 
tion to their sections. The problems involving 
weight therefore can be reduced to the Bulea al- 
ready given. 

Problem* A wire. A, is 334 feet long and weighs 25 
oz.; another, B, is 20 feet long and weighs 1 oz. 
what are the relative resistances? 

Solution: 20 feet of the wire "A'* weigh Jft x 
25 = 1.50 oz. The weights of equal lengths of A 
and B respectively areas 1.50 : 1.00 which is also 
the inverse ratio of the resistances of equal lengths. 
By compound proportion Eule we have B. of " A '* 
: B. of **B'' :: 1 X 334 :: 1.50 X 20; reducing to 
16.7 : 1.5 or 11.1 : 1.0 or the wire *^ A " has about 
eleven times the resistance of the wire " B.'' 

Solution: By general Bule for resistance (Bnle 
18). Taking 1.50 : 1.00 as the ratio of cross-sec- 
tional areas and taking the resistance of the long 
wire A as 1 we have: 
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Resistances : 1 

Lengths : 20 

Cross-sectional area : 1.50 



Unknown 

334 

1 



Eesistance of B = 1.50 X 20 + 834 = .0899 oi 
about ^ as before. 

CONDUOTAKCB. 

Gondactance is the reciprocal of resistance and is 
sometimes expressed in units called hhos^ which 
is derived from the word ohm written backwards. 

Rule 19. To reduce reslstanee In olmis to conductance 
in mlioe express Its reciprocal and tlie reverse* 

Examples. 
A wire has a resistance of ih ohms, what is its 
Conductance? 
Solution: 126 -*• 18 = 7 mhos. 

Beduce a conductance of lit to ohms. 
Solution: IH = tt mhos which gives i\ ohms. 

It is evident that the data for problems or that 
constants could be given in mhos instead of ohms. 
In some ways it is to be regretted that the positive 
quality of conductance was not adopted at the out- 
set instead of the negative quality of resistance. 
One or two illustrations may be given in the form of 
examples involving conductance. 

Express Ohm's law in its three first forms in 
conductance. 
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Solution: This is done by replacing the factor 
''resistance'* by its reciprocal. Thus, Eule 1 
reads for conductance: "The current is equal to 
the electromotive force multiplied by the conduc- 
tance '' (C = EK)— Eule 2 as " The electromotive 
force is equal to the current divided by the conduc- 
tance *' (E = — ) — Eule 3 as " The conductance ig 

K 

equal to the current divided by the electromotive 


force.'' (K = — ) 

E 

A drcait has a resistance of .5 ohm and an E. M. 
F. of 60 volts; determine the current^ using oon* 

dnetance method. 

Solution: The conductance = .-f = 2 mhos. The 
current = 50 X 2 = 100 amperes. 

In a circuit a current of 20 amperes is main- 
tained through 2i ohms. Determine the E. M. F. 
using conductance. 

Solution: The conductance = g = H mhos. 

E. M. P = 20 + « = 52 volts. 

Assume a current of 30 amperes and an E. M. 

F. of 50 volts, what is the conductance and resis- 
tance? 

Solution: Gonductance » 80 -•- 50 ^ .6 mho. 
Resistance =1 -•• .6 = 1.667. 



CHAPTER IV. 

potential difpbbbnob, 

Dbop of Potential ik Leads and Size of 
Sake for Multiple Abo Connections. 

SuBSiDiABY leads are leads taken from large sized 
mains of constant E. M. P, or from terminals 
of constant E. M. P. to supply one or more lamps, 
motors, or other appliances. A constant voltage is 
maintained in the mains or terminals. There is a 
drop of potential in the leads so that the appliances 
always have to work at a diminished E. M. P. The 
E. M. P. of the leads is known, the requisite 
E. M. P. and resistance of the appliance is known, 
a rule is required to calculate the size of the wire to 
secure the proper results. It is based on the princi- 
ple that the drop or fall in potential in portions of 
integral circuits varies with the resistance. (See 
Ohm^s law). A rule is required for a single appli- 
ance or for several connected in parallel. 

Bale 20* Tbe resistance of the leads s applying any ap- 
pliance or appliances for a desired drop In potential 
ivltliln tlie leads Is equal to tbe reciprocal of the cur* 
rent of the appliances multiplied by tbe desired drop 
in Tolts. 
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Example. 

A lamp, 100 Yolts X 200 ohms, is placed 100 feet 
from the mains, in which mains a constant E. M. F. 
of 110 volts is maintained. What must be the resist- 
ance of the line per foot of its length; and what 
size copper wire must be nsed? 

Solution: The lamp current is obtained (Ohm's 
law) by dividing its voltage by its resistance, (W = 
\ ampere). The reciprocal of the current is }; mul- 
tiplied by the drop ({ X 10 = 20) it gives the resist- 
ance of the line as 20 ohms. As the lamp is 100 
feet from the mains there are 200 feet of the wire. 
Its resistance per foot is therefore iftfir ~ A ohm or 
it is No. 30 A. W. G. (about). 

For several appliances in parallel on two leads a 
similar rule may be applied. There is inevitably a 
variation in E. M. F. supplied to the different appli- 
ances unless resistances are intercalated between the 
appliances and the leads. 

Rule 21. The E. HI. F. of tbe main leads or terminals 
tlie flictors of the lamps or other appliances, tbelr num. 
ber and the distance of their point of connection are 
given. The combined resistance Is foond by Rules 8 to 
12. Then by Rule 20 the resistance of the leads Is cat* 



Example. 

A pair of house leads includes 260 feet of wire, 
or 130 in each lead. Six 50 volt 100 ohm lamps are 
connected thereto at the ends. The drop is to be 5 
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volts^ giving 55 volts in the main leads. Bequired the 
total resistance of and size of wire for the house leads. 
Solution: The resistance of six 100 ohm lamps in 
parallel is 100 -»- 6 = 16.66 ohms. The current re- 
quired is by Ohm^s law 50 -•-16.66 or 3 amperes. 
Its reciprocal multiplied by the drop, (i X 5 = i = 
lj4 ohms) gives the required resistance = 1^ ohms. 
This, divided by 260 feet gives the resistance per 
foot as .0064 ohm, corresponding by the table to 
No. 18 A. W. G. 

A rule for the above cases is sometimes expressed 
otherwise, being based on the proportion: Eesist- 
ance of appliances is to resistance of leads as 100 
minus the drop expressed as a percentage is to the 
drop expressed as a percentage. This gives the fol- 
lowing: 

Rale 22. The resistance of tlie leads Is equal to tlie 
combined resistance of the appliances multiplied hj 
the percentase of drop and divided hj 100 nUnus the 
percentage of drop* 

Problem. Take the data of last problem and 
solve. 

Solution: The percentage of drop is A = 9^. The 
resistance of the leads = ^^-^ x ^ = ^^-^ = 1?4 ohms 

100 — 9 01 ^ 

about. 

Note, — ^To obtain accurate results the fibres of percen- 
tage, etc., must be carried out to two or more decimal 
places. Eules 20 and 21 are to be preferred to any percen- 
tage role. Also see Rule 23. 
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Where groups of lamps are to be connected along 
a pair of leads but at considerable intervals, the 
succeeding sections of leads have to be of diminish- 
ing size. The same problem arises in calculating 
the sizes of street leads. The identical rule is ap- 
plied, care being taken to express correctly the ex- 
act current going through each section of the lead. 
The calculation is begun at the outer end of the 
leads. A diagram is very convenient; it may be 
conventional as shown below. 

EXAMPIiSS. 

At three points on a pair of mains three groups of 
fifty 220 ohm lamps in parallel are connected; a 
total drop of 5 volts is to be divided among the 
three groups, thus: 1.6 volts — 1.6 volts — 1.8 volts. 
The initial E. M. F. is 115 volts; what must be the 
resistances of the three sections of wire? 

Solution: The following diagram gives the data 
as detailed above: 

1. 2. 3. 



^//IftftHy- 'UKdt3H^. '^sKUs.Pttp.^ 



starting at group 3 we have 50 lamps in parallel 
each of 220 ohms resistance, giving a combined re- 
sistance (Bule 12) of 4.4 ohms and a total current 
(Ohm's law) of 110 -»- 4.4 = 25 amperes. The re- 
sistance of section 2 — 3 is by the present rule i% X 
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1.8 = .072 ohms. Taking group 2 the current 
through this group of lamps is 111.8 -*• 4.4 = 25.41 
amperes. The section 1 — 2 has to pass also the cur- 
rent 25 amperes for group 3 giving a total current 
of 25 + 25.41 = 50.41 amperes. The resistance of 
section 1 — 2 is therefore g^j X 1.6 = .0317 ohm. 
Taking group 1 the current for its lamps is 113.4 ■*■ 
4.4 — 25.7 amperes. The total current through 

section 0—1 is therefore 25 + 25.4 -*- 25.7 — 76.1 

amperes. The resistance of the section is ^ X 1.6 
= .021 ohms. . Arranging all these data upon a 
diagram we have the full presentation of the calcu- 
lation in brief as below: 



«. 1 • . :PJ^J^iP^. -. - ,\ . _«**/'l?'Vsf - - «\. - i,^^* €'*«»<*T\. 




i<**^ 



f 



fityt^d. 



CHAPTER V. 

OIBOULAB MILS. 

A MIL is VrAnr of an inch. The area of a circle^ 
one mil in diameter^ is termed a circular mil. The 
area of the cross-section of wires is often expressed in 
circular mils. Thus a wire^ 8 mils in diameter, has 
an area of 9 circular mils, as shown in the cut. A 




circular mil is .7854 square mil. Bules for the sizes 
of wires for given resistances are often based on cir- 
cular mils, and include a constant for the conduc- 
tivity of copper. By the table of specific resistances, 
the values found can be reduced to wires of iron or 
other metals. 
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A commercial copper wire, one foot long, and one 
circular mil in section, has a resistance of 10.79 
ohms at 75° P. This is, of course, largely an as- 
sumption, hut is taken as representing a good aver- 
age. No two samples of wire are exactly alike, and 
many vary largely. From Bule 13, and from the 
ahove constant, we derive the following rules: 

Rule 23. Tlie resistance of a commercial copper ivlre 
is equal to its lenstbL divided bj the cross-section in cir- 
cular mils, and multiplied bj 10.79* 

Example. 

A wire is 1050 feet long, and has a cross-section 
of 8234 circular mils. What is its resistance? 
Solution: 1050 X 10.79 ■*■ 8234 = 1.37 ohms. 

Rule 24* The cross-section of a ivire in elrenlar mils 
is equal to its length divided bj its resistance^ and mul- 
tipUedby 10.79. 

Example. 

A wire is 1050 feet long, and has a resistance of 
.68795 ohms. What is its cross-section in circular 
mils? 

Solution: 1050 X 10.79 -h .68796 = 16,468 circu- 
lar miljs. 

Rule 25. The cross-section of the ivires of a pair of 
leads In circular mils for a g^iven drop expressed In per- 
centage Is equal to the product of the length of leads bj 
the number of lamps (in parallel), bj 21 •089 by the dif- 
ference betiv^een 100 and the drop, the nrhole divided 
by the resistance of a single lamp multiplied by th« 
drop. _ In X 81>58 x (100— e) 

** — er 
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Example. 

Fifty lamps are to be placed at the end of a double 
lead 150 feet long (= 300 feet of wire). The resist- 
ance of a lamp is 220 ohms. What size must the 
wire be for 6% drop? 

Solution: 150 X 50 X 21.58 X (100 — 5) + (220 X 
5) = 13,977.9 circular mils. 

In these calculations and in the calculations given 
on page 48 it is important to bear in mind that the 
percentage is based upon the difference of potential 
at the beginning of the leads or portion thereof 
under consideration; in other words upon the high- 
est difference of potential within the system or the 
portion of the system treated in the calculation. 



CHAPTER VL 

special systems. 

Three Wieb System. 

As there are three wires in the three wire system^ 
where there are two in the ordinary system^ and as 
each of the three wires is one quarter the size of 
each of the two ordinary system wires, the copper 
used in the three wire system is three-eighths of 
that used in the ordinary system. 

In the three wire system the lamps are arranged 
in sets of two in series. Hence hut one-half the 
current is required. The outer wires, it will be no- 
ticed, have double the potential of the lamps." 
Hence to carry one-half the current with double the 
E. M. F., a wire of one quarter the size used in the 
ordinary system suffices. 

Rale 26. Tlie calculations for plain multiple arc 
uro rk apply to tlie tliree iv^lre system, as regards size of 
eacliL of tlie three leads, If divided by 4. 

While, the central or neutral wire will hare noth- 
ing to do when an even number of lamps are burning 
on each side, and may never be worked to its full 
capacity, there is always a chance of its having to 
carry a full current to supply half the lamps (all on 
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one side). Hence it is made equal in size to the 
others. 

Altbekating Oubrent System. 

The rules already given apply in practice to this 
system also^ although theoretically Ohm^s law 
and those deduced from it are not correct for this 
current. A calculation has to be made to allow for 
the conversion from primary to secondary current 
in the converter as below. 

Note. — ^The ratio of primary E. M. F. to secondary is ex- 
pressed by dividing the primary by the secondary, and is 
termed ratio of conversion. Thus in a 1000 volt system with 
50 volt lamps in parallel the ratio of conversion is 1000 + 50 
= 20. 

Rnle 27. The current in the primary Is equal to the 
enrrent in the seeondarj dlTlded hy the ratio of eonrer- 
■lon. 

Examples. 

On an alternating current circuit whose ratio of 
conversion = 20, there are 1000 lamps, each 60 volt; 
50 ohms. When all are lighted what is the primary 
ouiTcnt? 

Solution : By Ohm's law the secondary current is 
1000 X 1 (each lamp using i^ — 1 ampere, Ohm's 
law) = 1000 amperes. 1000 -*- 20 = 60 amperes is 
the primary current. 

The current being thus determined the ordinary 
rules all apply exactly as given for direct current 
work. 
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Oiven 650 lamps, 50 volt 50 ohms each, 3600 
feet from the station. The primary circuit pressure 
is 1031 volts. A drop of 3% is to be allowed for in 
the primary leads. What is the resistance of the 
primary wire? 

Solution: Current of a single lamp « 50 -*- 60 =* 1 
ampere; current of 660 lamps — 650 amperes, cur- 
rent of primary 650 -*• 20 = 32J amperes, drop of 
primary = 1031 X 3j^ = 30.9 volts, resistance of pri- 
mary (Rule 20) 1 X 30.9 = .9616 ohm. 

Rule 28. For obtaining tlie size of tlie primair nrlre 
In elrenlar mll«^ calculate hj Rale 25^ and dlTlde ti&e 
result bjr ti&e square of tlie ratio of conversion. 

Example. 

Take data of last problem and solve. 
Solution: [3600 X 650 X 21.58 X (100—3) + (60 X 
3)] -H 20« « 81,637 circular mils. 

The two last examples may be made to prove each 
other, thus: 

The total length of leads is 3600 X 2 == 7200 feet. 
If of 1 mil thickness its resistance would be 7200 X 
10.79 ■= 77,688 ohms. As resistance varies inversely 
as the cross sectional area we have the proportion 

.9516 : 77,688 :: 1 : a: which gives x = 81,639 cir- 
cular mils corresponding within limits to the result 
obtained by Bule 28. 

In all cases of this sort where percentage is ex- 
pressed the statement in the last paragraph on page 
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45 should be kept in mind. The ratio of conversion 
must be based on the E. M. F. at the coil (in this 
case on 1031 — 31 = 1000 volts) not on the E. M. F. 
at the beginning of the leads or portion thereof con- 
sidered in the calculation. The percentage of drop 
must be subtracted before the ratio of conversion is 
calculated. 

For winding the converters, the following is the 
rule : 

Rale 29. The conTolntions of tlie primarj are eqaal 
In namber to tbie product of the convolatlons of the see- 
•ndarjr malttplled hjr the ratio of conTerslon) and vice 



ExAMPIiSS. 

The ratio of conversion of a coil is 20; there are 
1000 convolutions of the secondary. How many 
should there be of the primary? 

Solution: 1000 X 20 = 20,000 convolutions. 

There are in a coil 6000 convolutions of the pri- 
mary; its ratio of conversion is 60. How many con- 
volutions should the secondary have? 

Solution: 6000 -»- 60 = 100 convolutions. 



OHAPTBB Vn. 

wobe akd ekebgy. 

Enbbgy akd Heating Effbot of the Oubbbnt. 

It has been shown experimentally by Joule that 
the total quantity of heat developed in a circuit is 
equal to the square of the current multiplied by the 
resistance. This is equal, by Ohm's law, to the 
square of the B. M. P. divided by the resistance, 
which again reduces to the E. M. P. multiplied by 
the current. Each of these expressions has its own 
application, and they may be given as three rules. 

Rale 30. Tbie energrj or lieat developed in ctrcnits to 
In proportion to tlie square of the current multtplted hj 
ti&e resistance* 

Examples. 

An electric lamp has a resistance of 50 ohms; it is 
connected to a street main by leads of 2i ohms re- 
sistance. What proportion of heat is wasted in the 
house circuit? 

Solution: The current being the same for all parts 
of the circuit, the heat developed is in proportion to 
the resistance, or as 2i : 50 equal to 1 : 20. The 
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heat developed in the wire is wasted, therefore the 
waste is iis of the total heat developed. 

The internal resistance of a battery is equal to 
that of 3 meters of a particular wire. Compare the 
quantities of heat produced both inside and outside 
the battery when its poles are connected with one 
meter of this wire with the quantities produced iu 
the same time when they are connected by 37 meters 
of the same wire. (Day,) 

Solution: The relative currents produced in the 
two cases are found (Ohm's law) by dividing the 
E. M. F. of the battery (a constant quantity = E) 
by the relative resistance. As the battery counts 
for the resistance of 3 meters of wire, the relative 
resistances are as 4 : 40. Were the same current de- 
veloped in*both cases these figures would give the 
desired ratio. But as the current varies it has to be 
taken into account. To determine the relative bat- 
tery heat only, we may neglect resistance of the bat- 
tery, as it is a constant for both cases, the battery 
remaining identical. By Ohm's law the currents 
are in the ratio of | : ^ and their squares are in pro- 
portion to f^ : ,«J^ = 100 : 1. By the rule this is 
the proportion of the heats developed in the battery 
alone, with the short wire 100, with the long wire 
1. For the heating effects on the outside circuit, 
as resistance and current both vary, the full for- 
mula of the rule must be applied. The ratio of the 
heat in the short wire connection to that in the long 
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wire connection is as («)• X 1 : (^)« X 37 = 100 X 1 : 
37 X 1. The ratio therefore is as 100 is to 37 for 
the total heat produced in the circuit which includes 
battery and connections. 

Owing to irregular working of a dynamo, an in- 
candescent lamp receives sometimes the full amount 
or i ampere of current; at other times as little as it 
ampere. What proportion of heat is developed in it 
in both cases^ assuming its resistance to remain 
sensibly the same? 

Solution: By the rule the ratio is (1) : (tt) or i: 
^fifr = 2025 : 400. The diminution of current there- 
fore cuts down the heat to i the proper amount. 

Rale 31. Tlie enersj or beat dereloped In a clrenli is 
In proportion to tlie square of ti&e eleetromotlTe force 
dlTtded bj tbe reststanee. XJ* 

B 

Examples. 

There are two Grove batteries, each developing 
1.98 volts E. M. P. One has an internal resistance 
of tV ohm; the other of J ohm. They are placed in 
succession on a circuit of 3 ohms resistance. What 
is the ratio of heats developed by the batteries in 
each case? 

Solution: As the E. M. P. is constant it may be 
taken as unity. Then for the two cases we have 
8^ • 8| =» 2i : 2A as the ratio of heat produced. 

A battery of one ohm resistance and two volts E, 
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M. ¥, Is put in circuit with 4 ohms resistance. 
Another battery of 4 ohms and 1 volt is connected 
through 1 ohm resistance. What ratio of heat is 
developed in each case? 
Solution: i^ : 1^ or 4 : 1. 

Rule 32* Tlie energy or lieat dereloped In a ctrenlt Is 
In proportfon to tike fi« M. F« malUplted hy the cnrrent. 

Examples* 

Take data of last problem and solve. 

Solution: For first battery, by Ohm's law, current =» 
f ampere; for the second, current = i ampere. The 
heat developed, is by the present rule, in the propor- 
tion as I X 2 : t X 1 or 4 : 1. 

Compare the heat developed in a 100 volt 200 ohm 
lamp and in a 35 volt 35 ohm lamp and in a 50 volt 
50 ohm lamp. 

Solution : The currents (Ohm's law) are : HJ,|| and 
U in amperes = i, 1, and 1 amperes. The heats devel* 
oped are, by the rule, in the ratio 100 X J : 36 XI 
and 50 X 1 or50: 35 :50. 

The same problem can be done directly by Rule 
31, thus: The three lamps develop heat in the 
ratio i»J* : tt" : ««" = 50 : 35 : 50. This is the direct 
and preferable method of calculation. 

JYote.— For "heat," "rate of energy," or "rate of work" 
can be read in these rules. 
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The Joule ob Gbam-Oalobie. 

The last rules and problems only touch upon the 
relative proportions of heat; they do not give any 
actual quantity. If we can express in units of the 
same class a standard quantity of heat^ then by deter- 
mining the relation of the standard to any other 
quantity^ we arrive at a real quantity. Such a stan- 
dard is the joule, sometimes called the " calorie*' or 
*' gram-calorie.'* A joule is the quantity of heat 
required to raise the temperature of 1 gram of 
water 1 degree centigrade. It is often expressed 
as a water-gram-degree 0. or w. g. d. 0. or for 
shortness g. d. C, from the initials of the factors. 
It is unfortunate that it is called the calorie 
as the name is common to the water-kilogram- 
degree C. or kg.d. C. The joule is equal to 4.16 
X 10^ or 41,600,000 ergs. 

It will be remembered that practical electric units 
are based on multiples of the 0. G. S. units of which 
the erg is one. The joule comes in the 0. G. S. 
order. Therefore to determine quantities of heat 
the following is a general rule when the practical 
electric units are used. 

Rale 33. Obtain th.e expression of rate of lieat deTel- 
oped) or of rate of energy, or of rate of urorlc In Tolt 
amperes* Reduce to C. O. S. units (ergs) "bj multiply* 
Ins by 10^ and dlTlde by tbe Talue of a Joule In ergs 
(4»16 X 10^). Tbe quotient Is Joules or irater-sram de« 

srees €• per second* 

E X O X 10^ 

**" 4.16X10' 
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£XAMPI«B. 

A current of 20 amperes is flowing through a wire* 
What heat is developed in a section of the wire 
whose ends differ in potential by 110 volts? 

Solution: The rate of energy in watts or volt- 
amperes = 110 X 20 = 2200. In the 0. G. S. units 
this is expressed by (110 X W) X (20 X 10"^) = 2200 
X 10^ ergs, per second; .*. quantity of heat = 2200 X 
10» H- 4.16 X 10' = 528.8 joules or gram-degrees- 
centigrade per second. 

As 10' + 10' = 1 the rule can be more simply 
stated thus: 

Rule 84 • Tbe quantity of lieat produced per eeeond 
In a elreult by a current la equal to tlie product of tlie 

watts by j-j^ or by •34. 

Q = 0.24 OB. or 0.24^ 

Examples. 

A difference of potential of 5.5 volts is main- 
tained at the terminals of a wire of A ohm resist- 
ance. How many joules per second are developed? 

Solution: By Ohm's law, current = 5.5 ^ A = 55 
amperes. By the rule 55 X 5.5 X 0.24 = 72.6 
joules per second. 

iTote.— The energy of a current is given by Rules 80, 81 
and 32 in watts, so that aU cases are provided for by a com* 
bination of one or the other of these rules ¥dth Rule 84 
An example wiU be giyen for each case. 



' 
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A current of .8 ampere is sent through 60 lamps 
in series, each of 137>^ ohms resistance. What 
heat does it develop per second ? 

Answer: The resistance = 137Ji X 50. By rules 
30 and 34 we have, rate of heat produced = .8^ X 
137>^ X 60 = 4400 watts. 4400 X 0.24 = 1066 
joules per second. 

Eules 31 and 34. Fifty incandescent lamps, 110 
volt, 137J4 ohms, each are placed in paralleL 
What heat per second do they develop? 

Solution: By Ohm^s law total resistance = 137 j4 
-•- 60 = 2.76 ohms. By rules 31 and 34 rate of heat 
produced = 110* + 2.75 = 4400 watts and 4400 X 
0.24 = 1056 joules per second as before. 

Eules 32 and 34. Through 60 incandeseent 110 
volt lamps a current of .8 ampere is passed, the 
lamps being in series. What heat per second do 
they develop? 

Solution: By rules 32 and 34 rate of heat ■* 110 X 
60 X .8 == 4400 watts and 1056 joules per second ai 
before. 

These three examples are purposely made to refer 
to the same set of lamps, to show that rules 30, 31, 
and 32 are identical. Each fits one of the three 
forms of statement of data. They also are designed 
to bring out the fact that the unit ''watts," being 
based partly on amperes, includes the id^a of rate, 
not of absolute quantity. Hence watts "per sec- 
ond '' is not stated, as it would be meanin^lesa ox 
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redundant, while the jonle, denoting an absolute 
quantity, has to be stated ''per second^' to indicate 
the rate. There is such a unit as an ''ampere- 
second,'* viz., the "coulomb/* but there is no such 
thing as an "ampere per second,** or if used it 
means the same as an " ampere per hour,** " ampere 
per day ** or "ampere." The same applies to watts 
and to power units such as "horse-power.** 

Spegifio Heat. 

The specific heat of a substance is the ratio of its 
capacity for heat to that of an equal quantity of 
water. It almost invariably is referred to equal 
weights. Here it will be treated only in that con- 
nection. 

The coe£Scient of specific heat of any substance is 
the factor by which the specific heat of water (=» 1 or 
unity) being multiplied the specific heat of the sub- 
stance is produced. 

Rule 85. Tlie vrelfflit ofany anbstance corresponding 
foanynamber of Joules mnltlplled by Its specific lieat 
Slves tbe corresponding vrelfflit of irater, and vice versa. 

Example. 

A current of .76 amperes is sent for 6 minutes 
through a column of mercury whose resistance was 
0.47 ohm. The quantity of mercury was 20.25 
grams, and its specific heat 0.0332. Find the rise 
of temperature^ assuming that no heat escapes by 
radiation. {Day.) 
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Solution: By Bules 30 and 34, we find rate of heat 
« .75* X .47 = .264375 watts; .264375 X .24 =« 
.06345 joules per second. The current is to last for 
300 seconds .-. total joules = .06345 X 300 = 19.035 
joules. This must be divided by the specific heat 
of mercury to get the corresponding weight of mer- 
cury; 19.035 -*- .0332 = 573 gram degrees of mercury. 
Dividing this by the weight of mercury, 20.25 grams, 
we have 573 -*■ 20.25 = 28^ 0. 

Rule 36. By radiation and convection, 4000 Joule 
«lK>nt is lost by any nnpollslied substance in tbe air for 
eacb square centimeter of surface, and for eacli decree 
tbat it is l&eated above tbe atmospliere. 

EXAMPLB. 

A conductor of resistance^ 8 ohms^ has a current 
of 10 amperes passing through it. It is 1 centi- 
meter in circumference^ and 100 meters long. How 
hot will it get in the air? 

Solution: By Rule 30, etc., the heat developed per 
second in joules is 10^ X 8 + 4.16 = 192.3 joules. The 
surface of the conductor in centimeters is 10,000 X 
1 = 10,000 sq. cent. It therefore develops heat at 
the rate of 192.3 X 10"* = .01923 joules per second 
per square centimeter of surface. When the loss by 
radiation and convection is equal to this, it will re- 
main constant in temperature. Therefore .01923 
-*" 4^7 = 76.92, the number of degrees C. above the 
air to which the conductor could be heated by such 
a current. 
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Besnlts of this character are only approximate, 
as the ooefficient, tA(s, is not at all accurate. 

Rule 37. Tlie cube of tlie diameter In centimeter* ol 
a irlre of any given material tliat irlll attain a given 
temperature ceutlffrade under a given current Is equal 
to tl&e product of tl&e square of tlie current In amperes x 
Sp« Resistance in microluns of tlie substance of tlie 
wire, multiplied by. 00039 1» and divided by tlie tem* 
perature in degrees centigrade. 

rt.-, 0«X6p.Be8. X. 000801 

IP 

EXAMPLBS. 

A lead safety catch is to be made for a enrrent of 
7.2 amperes. Its melting point is 335^ 0., and its 
specific resistance 19.85 microhms per cubic centi- 
meter. What should its diameter be? (Day.) 

Solution: By the rule, the cube of the diameter = 
7.2^ X 19.85 X .00039 + 335 = .001198. The cube 
root of this gives the diameter in centimeters. It is 
.10582 or .106 cm. 

A copper wire is to act as safety catch for 500 am- 
peres: melting point 1050^ 0— Sp. Resistance 1.652 
microhms. What should its diameter be? (Day.) 

-, - ., ^ , . ,. . 500* X 1.662 X .000891 _ 

Solution: Cube of diameter = jq^ 

?^? = .1523. The cube root of this is .5341 centi- 

1060 

meter, the thickness of the wire sought for. 

It will be observed that in this rule no attention 
is paid to the length of the wire, as the effect of a 
current in melting a wire has no reference to its 
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length. The time of fusion will vary with the spe- 
cific heat, but will, of course, be only momentary. 

Work of a Oueebkt. 

Rule 38* The ifrork of a current In a clven elrenlt la 
proportional to tl&e volt amperes. w <" EC 

Example. 

A current A of 3.5 amperes with difference of 
potential in the circuit of 20 volts is to be com- 
pared to B, a 3 ampere current with a difference of 
potential of 1000 volts in the circuit; what is the 
ratio of work produced in a unit of time? 

Solution: Work of A : work of B :: 3.6 X 20: 
3 X 1000 or as 70 : 3000 or as 1 : 42^^. 

Rule 89* Tbe ifrork of a current In a slTen circuit la 
equal to tlie Tolt -coulombs divided by the acceleration 
of ffravitatlon (9.81 meters)* Tills sItcs tbe result in 
kiloffram-meters. (7*23 foot pounds*) ■nn._ B. O.t 

^^ 9.81 

Example. 

A current of 20 amperes is maintained in a circuit 
by an E. M. P. of 20 volts. What work does it do 
in one minute and a half (90 sec.)? 

Solution : Work — 20 x 20 x 90 sec -i- 9.81 — 3670 
kgmts. and 3670 X 7.23 — 26,534 foot pounds. 

Note. — This is easily reduced to horse-power. 26,534 foot 
pounds in 90 sec. = 17,688 foot pounds in 1 min. 1 H. P. 
= 33,000 foot pounds per min. .*. JJJJJ = .636 H. P. of 
ahove current and circuit. Tlie same result can be ob- 
tained by Rule 41 thus: ^ = .536 H. P. 



J 
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Rale 40. To determine w^ork done by a current In a 
SlTen circuit apply Rules 30^ 81 or 32 as the case re- 
quires* Tliese sItc directly tlie uratts* Multiply by sec* 
onds and divide by 9*8 1. Tbe result Is lUlosrauft-me- 
ters* 

Examples. 

10 amperes are maintained for 55 sec. through 15 
ohms. What is the work done? 

Solution : By rule 32, watts — 10' X 15 — 1500. 
Work = 1500 X 55 + 9.81 = 8409 kgmts. 

1000 volts are maintained between terminals of a 
lead of 20 ohms resistance. Calculate the work 
done per hour. 

Solution: By Rule 32 watts = 1000^ h- 20 = 50,000. 
One hour = 3600 sec. Work = 50,000 X 3600 -*- 9.81 
= 18,348,623 kgmts. 

These rules give the basis for determining the ex- 
pense of maintaining a current. The expense of 
maintaining a horse-power or other unit of power or 
work being known the cost of electric power is at 
once calculable. 

Electbioal Hobse-Poweb. 

Power is the rate of doing work or of expending 
energy. In an electric circuit one horse-power is 
equal to such a product of the current in amperes, 
by the E. M. P. in volts as will be equal to 746. 

Rule 41* Tbe electric borse ponrer Is found by multl" 
plying: tbe total amperes of current by tbe Tolts or E. M* 
F* of a circuit or g^lTen part of one and dlTldluff by 746* 

_ EC 

H.P. — iy4^ 
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850 incandescent lamps are in parallel or on mnl- 
tiple' arc circuit. Each one is rated at 110 volts 
and 230 ohms. What electric H. P. is expended on 
their lighting? 

Solution: The resistance of all the lamps in par- 
allel is equal to m ohm. The current is equal to 
110 + H» = 126 amperes. H. P. = 125 X 110 + 746 
=s 18A H. P. or 13A lamps to the electrical H. P. 

As it is a matter of indifference as regards absorp- 
tion of energy how the lamps are arranged, a simpler 
rule is the following, where horse-power required for 
a number of lamps or other identical appliances is 
required. 

R ale 42. Multiply together tlie Toltafl^e and amperage 
of a slnffle lamp or appliance ; multiply tbe product by 
the number of lamps or appliance* and divide by 746* 

EXAHPUB. 

Take data of last problem and solve it. 

Solution: Current of a single lamp = Hf = ^ am- 
pere. H. P. = 110 X >^ X 250 + 746 = 18A H. P. 

When the yoltage and amperage are not given 
directly, the missing one can always be calculated 
by Ohm's law and the above rules can then be ap- 
plied* The same can be done by applying following: 

Role 48. To determine the electrical borse*poifrer 
i^PPlJ Rules 80, 3I9 or 32; these sItc directly the watts; 
multiplying the result by,=^or dlvldlnc by 746 sItcb 
tha horse-povrer. ^*" 
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Examples. 

A oarrent of 10 amperes is maintained through 50 
ohms resistance. What is the electrical horse- 
power? 

Solution: By rules 30 and 43 we have watts = 
10* X 50 =5= 5000 and electrical horse-power = 6000 
-r 746 or 6.7 H. P. 

An electromotive force of 1500 volts is maintained 
in a circuit of 200 ohms resistance. What is the 
electrical horse-power? 

Solution: By Eules 31 and 43 we have watts ■= 
1500* -*- 200 = 11,250. Electrical horse-power « 
11,250 + 746 or 15 H. P. (nearly). 

Thus the volt-amperes or watts are units of rate 
of heat energy or of rate of mechanical energy. 
The ratio of joules per second to a horse-power is 
746: 4.16 or 179.3 joules per second = 1 H. P. 
Other ratios of power and heat units will be found 
in the tables. 

Duty and Epficibnoy of Electric Generatobs. 

Rule 44. Tbe duty of an electric generator Is tlie qao« 
tlent obtained by dlvldlne tbe total electric energy by 
€be mechanical euercy expended in tnrnlnff tbe arma- 
tora. 

P ^ e« H. P. (total) 
HL. S. P. 

BXAHPLBS. 

A dynamo is driven by the expenditure of 58 
H. P. Its internal resistance is 10.7 ohm. Th* 
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resistance of the outer circuit is 150 ohms and it 
maintains a current of 16 amperes. What is its 
duty? 

Solution: The total electrical H. P. is found by 
Rules 30 and 43 to be 16^ X 160.7 -*- 746 = 55.1 
H. P. Duty = 55.1 + 58.0 = 95^. 

The result must always be less than unity; if it 
exceeded unity it would prove that there had been 
an error in some of the determinations. 

Rnle 45. Tlie commercial efficiency of a generator la 
tlie quotient obtained by dlTldlng tbe electric energy In 
tlie outer circuit by tbe meclianlcal energy expended In 
tnrnlne tlie armature. 

o -BM* e. H. P» (outer ciroiiit) 
^•™^ = m.H.F. 

Examples. 

What is the commercial efficiency of the dynamo 
just cited? 

Solution: The electrical H. P. of the outer circuit 
is found by the same rules to be 16^ X 150 -*-746 = 
61.5 commercial efficiency = 51.5 ■*- 58.0 = 88. 8J^. 

Rule 46* Tbe resistance of tbe outer circuit Is to tbe 
total resistance^ as tlie commercial efficiency Is to tli« 
duty. 

EXAMPLBS. 

Take the case of the generator last given and 
from its duty calculate the commercial efficiency. 
Solution: 150: 160.7 :: a?: 95.0.*. a: = 88.8 or 



CHAPTER VIII. 
batteuies. 

Gbitbbal Oalculations op Ottrrbnt. 

A BATTERY is rated by the resistance and electro- 
motive force of a single cell, which factors are 
termed the cell constants. In the case of storage 
batteries, whose susceptibility to polarization is very 
slight, the resistance is often assumed to be neglible. 
It is not so, and in practice is always knowingly or 
otherwise allowed for. 

From the cell constants its energy-constant may 
be calculated by Bule 31, as equal to the square of 
its electro-motive force divided by its resistance. 
This expresses its energy in watts through a circuit 
of no resistance. 

There are two resistances ordinarily to be consid- 
ered, the resistance of the battery which is desig- 
nated by R or by w R if the number of cells is to be 
implied and the resistance of the external circuit 
which is designated by r. 

Rule 47* Tlie current elTen by a battery la equal to 
Its electro-motlTe force divided by tbe sam of tbe exter- 
nal and Internal resi»tancea» 

B + p 
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Six cells in paralleL 




Six cells in 




Biz oel]»-4iwo in parallel, three in series. 




Blx cells— three in parallel, two in series. 



ASBAHGEMENT OF BATTEBY CeLLS. 
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£XAMPI«B, 

A battery of 50 cells arranged to give 75 volts 
E. M. F. with an internal resistance of 100 ohms 
sends a current through a conductor of 122 ohms 
resistance. What is the strength of the current? 

Solution: Current = 75 h- (100 + 122) = .338 
ampere. This rule has already been alluded to 
under Ohm's law (page 14). 

I 

Abbangbment of Cells ik Battebt. 

In practice the cells of a battery are arranged in 
one of three ways, a: All may be in series; b: all 
may be in parallel; c: some may be in series and some 
in parallel^ so as to represent a rectangle, s cells in 
series by p cells in parallel, the total number of cells 
being equal to the product of s and p. 

Other arrangements are possible. Thus the cells 
may represent a triangle, beginning with one cell, 
followed by two in parallel and these by three in 
parallel and so on. This and similar types of arrange- 
ment are very unusual and little or nothing is to be 
gained by them. 

Role 48* The electromotlTe force of a battery la 
equal to tlie E* III. F. of a slnffle cell multiplied by tike 
number of cells In series. 

« Rule 49* Tlie resistance of a battery Is equal to tlie 
number of Its cells In series, multiplied by tbe resist* 
ance of a single cell and divided by tbe number of Iti 

cells In parallel. 

^ battery a B 
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Examples. 

A battery of 50 gravity cells 1 volt, 3 ohms each 
is arranged 10 iu parallel and 5 in series. What is 
its resistance and electromotive force? 

Solution: Eesistance =6 X3-*- 10= 1.6 ohms. 
E. M. F. = 6 X 1 = 5 volts. 

The same battery is arranged all in parallel; what 
is its resistance and E. M. P. ? ^ 

Solution: This gives one cell in series. 

Eesistance == 1 X 3 -«- 50 = .06 ohms. 

E. M. F. =1X1 = 1 volt. 

The same battery is arranged all in series; what is 
its resistance? 
Solution: This gives one cell in parallel. 
Eesistance = ^x^ = 150 ohms. 

E. M. F. = 50 X 1 = 50 volts. 

The current given by a battery is obtained from 
these rules and from Ohm's law. 

Example. 

150 cells of a battery (cell constants 1.9 volts, 
i ohm) are arranged 10 in series and 15 in parallel. 
They are connected to a circuit of 1.7 ohms resist- 
ance. What is the current? 

Solution: The resistance of the battery = ^^^ = 
.333 ohms. The E. M. F. = 10 X 1.9 = 19 volts. 
Current = 19 -*• (.333 + 1.7) = 9.34 amperes. 
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Cells Eequibed poe a Givek Oubbbkt. 

To calculate the cells required to produce a given 
current through a given resistance and the arrange- 
ment of the cells proceed as follows. 

Rnle 50. Calculate tike cell current tliroufflft zero exter* 
nal resistance* Case A* If It Is tivlce as great or more 
than twice as ffreat as tlie current required apply Rule 
51. Case B. If less tlian turlce as great and more than 
equal or less tlian equal and more than one half as 
great as the current required and so on apply Rulo 
53. Case C. If the cell current Is equal to or Is a unit- 
ary fraction (1, 1, 1, etc.) of the current required apply 
Rule 58. 4 5 8 

Rule 51* Case A. IMvlde the required difference of po« 
tentlal of the outer circuit by the Toltage of a single cell 
diminished by the product of the required current mul* 
tlpUed by the resistance of a single cell* Arrange the 
cells In series* 

Examples. 

Five lamps in parallel, each of 100 volts 200 ohms^ 
are to be supplied by a battery whose cell constants 
are 2 volts i ohm. How many cells and what 
arrangement are required? 

Solution: Cell current = |=s 10 amperes. The 
resistance of the five lamps in parallel (Rule 12) == 
a|o — 40 ohms. The required current therefore =^ 
W = 2i amperes. As 10 exceeds 2i X 2 (Eule 60) it 
falls under case A. By Eule 51 the number of cells 
is ^^'^^^^^ = 1^ = 66.6 or 67 cells, as a cell cannot 
be divided* The cells must be in series. 
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Proof: The E. M. P. of the 67 cells in series 
= 67 X 2 = 134 volts; their resistance = 67 X | = 
13.4 ohms. The resistance of the lamps in par- 
allel is 40 ohms. Hence by Ohm's law the cur- 

134 

^^^^ ~ 404.ia.4 ^ ^-^1 amperes, the current required. 

The same lamps are placed in series. Calculate 
the cells of the same battery required. Cell current 
= 10 amperes. Current required = ^-^ or | am- 
pere. As 10 exceeds i X 2 (Eule 60) it falls again 
under case A. By Eule 61 cells required = - ^ _^^ ^^ 
= 263. 

Proof: Current » sgg'l^iooo ~ * ampere the current 
required. 526 is the number of cells multiplied by 
the voltage of one cell; 52.6 is the number of cells 
multiplied by the resistance in ohms of a single cell; 
1000 is the resistance of a single lamp^ 200 ohms, 
multiplied by the number, 5, of lamps in series. 

Whenever the arrangement and number of cells of 
a battery has been calculated the calculation should 
be proved as above. 

Bale 52. Case B. Group two or more eells In parallel 
•o CM to obtain by calculation from tbem tbronsb no ex* 
temal resistance a current tivlce aa sreat or more tban 
tivlce as grreat as tlie required current. Tben treating 
tl&e croup as If It inras a slnffle cell apply Bule 51 to de* 
termlne tbe number of groups In series. 

Example. 
Assume the same lamps in parallel, requiring the 
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current abeady calculated of 2i amperes. Assume 
a battery of constants 1 volt .25 ohm, giving a 
cell current of 4 amperes. This is less than 2i X 2 
and more than 2i X 1; therefore it falls under Case 

Solution: A group of two cells in parallel gives 
.^i^ = 8 amperes. 8 exceeds 2i X 2 . •. applying Kule 
49 we have number of groups = 100 •*• [1 - (2j X 
.126)] = 146 groups in series. Total number of ceils 
= 2 in parallel, 146 in series = 292 cells. 

Proof: Current = 146 .-*- (40 + 18.25) = 2.5 am- 
peres. 

Rule 58. Case C. Plaee as many eellsln series mm will 
SlTe tiirice tbe required Toltaffe. Plaee as many eells In 
parallel as nrlll slve a resistance equal to tliat of tbe 
external elrenlt. 

Example. 

Assume the same lamps in parallel. Assume a 
battery of cell constants, 1 volt, 4 ohms. The lamp 
current is 21 amperes. The cell current is } ampere. 
The cell current therefore equals (i + 2i) A of the 
required current. This falls under Case 0. and is 
solved by Rule 53. 

Solution: Voltage required 100. By the rule 
cells in series = 100 X 2 == 200. These have a re- 
sistance of 800 ohms. To reduce this to the resist- 
ance of the outer circuit, viz., 40 ohms, 800 -*- 40 
= 20 cells must be placed in parallel. Total celU ■*■ 
20 X 200 =« 4000 cells. 
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Proof: Current = 200 •+- (40 + 40) = 2.5. 

Rule 54* All cases eomlug uuder Case C. may be Bint* 
pljr fi»olired for tbe total number ol' cells by dlvldloe tlie 
external energy by tl&e cell euerg^y and multiplying by 4« 
Tills gives tlie number of cells* 

Example. 

Take as cell constants .75 volt ]J ohm giving i am- 
pere. Assume 20 lamps, each 50 volts, 50 ohms and 
1 ampere. As J -f- 1 is a unitary fraction (i) Case 
C. applies. 

Solution: Cell energy = J X .75 = .375 watts. Ex- 
ternal energy = 50 x 1 X ^0 = 1000 watts. (1000 -h 
.375) X 4=: 10,666 cells. 

Solution by Rule 53: Voltage required taking 
lamps in series = 20 x 50 = 1000. To give twice 
this voltage requires 2000 •*- .75 = 2667 cells in 
series whose resistance is 2667 X 1.5 = 4000 ohms. 
To reduce this to 1000 ohms we need 4 such seriea 
of cells in parallel giving 10,668 cells. 

Proof: Current = ^^^^^''^^^ = 1 ampere. 

Slight discrepancies will be noticed in the current 
strength given by different calculations. This is 
unavoidable as a cell cannot be fractioned or di- 
vided. 

Efficiency of Batteries. 

Rule 55 • The efficiency of a battery Is expressed by dl« 
▼Idlnsr the resistance of the exterual circuit by the total 
resistance of the circuit. 

Efioienoy = ^ , ^ 
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Example. 

A battery consists of 67 cells in series of constants 
2 Yolts i ohm. It supplies 5 lamps in parallel, each 
100 Yolts 200 ohms constants. What is its effi- 
ciency? 

Solution: The resistance of the battery is 67 X | 
= 13.4 ohms. The resistance of the lamps is (Rule 
12) ^ = 40 ohms. Therefore the efficiency of the 
battery is 40.0 •+• (40 + 13.4) = .749 or 74.9^. 

Rule 5 6. To calculate tlie number of battery cells and 
tbelr arransemeut for a siireu efficiency : Kxpress ttk» 
efficiency as a decimal, mnltlply tlie resistance of tbe 
external circuit by tlie complement of tbe efficiency 
(1— efficiency) and divide tbe product by tbe efficiency; 
tblB slTCB tbe resistance of tbe battery. Add tbe turo 
resistances and mnltlply tbelr sum by tbe current to be 
maintained for tbe K. HI. F. of tbe battery. Arrange tbe 
cells accordingly as near as possible to tbese require* 
ments. 

Examples. 

Five lamps^ each 100 volts 200 ohms in parallel 
are to be supplied by a battery of cell constants 2 
volts .4 ohm. The efficiency of the battery is to be 
as nearly as possible 75^. Calculate the number of 
cells and their arrangement. 

Solution: The constants of the external circuit are 
40 ohms (Rule 12) and 100 volts. Applying the 
rule we have [40 X (1— .75)] •+- .75 = ^W- = 13i 
ohms, the resistance of the battery. By Ohm^s law 
the E. M. P. of the battery = (40 + 13 j) X 2.6 = 
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133i Yolts. These constants, 13i ohms and 133i 
volts, require 67 cells in series and 2 in parallel. 

Proof: a. Of eflSciency, by Eule 55, ^^^g^ = .75 
or 75%. b. Of number of cells and of their arrange- 
ment 67 X 2 = 134 volts; (67 X .4) ■*- 2 = 13.4 
ohms; 134 -*- (13.4 + 40) = 2.5 amperes. 

Bale 57* HTbere a ft*actlonal or mixed nnmber of eells 
in parallel are called for to produce a ^Ten efflcieney, 
take a sronp of tlie next ^eliest Intesral number of 
•ells in parallel and proceed as in Rule 51 • 

Example. 

Assume a current of 3i amperes to be supplied 
through a resistance of 30 ohms, absorbing 100 
volts E. M. P. Let the cell constants of a battery 
to supply this circuit be 2 volts, i ohm. Calculate 
the cells and their arrangement for 80 per cent, 
efficiency. 

Solution: By Eule 56 efficiency = .80 and 
^ = 7i ohms, which is the required resist- 
ance of the battery; 7i+ 30 = 37i ohms are the total 
resistance of the circuit. By Ohm's law, 37i X 3i = 
125 volts, the required E. M. F. of the battery. 
This requires 63 cells in series, with a resistance for 
one series of 63 X } = lOJ ohms. To reduce this to 
7j ohms ~ = 1.4 cells in parallel are required. Ai 
this is a mixed number we take the next highest in- 
tegral number and place 2 cells in parallel. The 
constants of this group of 2 cells are 2 volts^ A 
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ohm. Applying Eule 61 we have for the number of 
such groups in series; 2.(8^^ i ) = 58 groups in series. 
As there are 2 cells in parallel the total cells are 116^ 
of resistance, 58 X A = 4.83 ohms, and of E. M, F., 
58 X 2 = 116 volts. 
Proof: Of efficiency by Rule 55, §0^*:^ = 86. W, 

Of number and arrangement of cells ^"^^^ = 3.33 
amperes. 



It is to be observed that the efficiency thus 
obtained is far from what is required. In most 
cases accuracy can only be attained by arranging 
the battery irregularly, which is unusual in prac- 
tice. An example will be found in a later chapter. 

Chemistry op Batteries. 

One coulomb of electricity will set free .010384 
milligrams of hydrogen. The corresponding weights 
of other elements or compounds are found by multi- 
plying this factor by the chemical equivalent, and 
dividing by the valency of the element or metal of 
the base of the compound in question. 

An element or other substance in entering into 
any chemical combination develops more or less 
heat, always the same for the same weight and com- 
bination. The atomic weight of an element or the 
molecular weight of a compound divided by the val- 
ency of the element or metal of its base gives the 
original chemical equivalent. 
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The quantities of heat evolved hy the combination 
of quantities of substances expressed by their original 
chemical equivalents multiplied by one gram are 
termed the thermo-electric equivalents of the ele- 
ments or substances in question. In the tables it is 
expressed in kilogram degrees 0. of water (kilogram- 
calories). 

From the thermo-electric equivalent of a combi- 
nation we find the volts evolved by it or absorbed by 
the reciprocal action of decomposition. 

Rule 58* Tlie Tolts e^rolTed by any ebemlcal eom* 
blnatlonor required for anjr ebemlcal decompoBftfon 
are equal to tbe thermo-eleetrfc equivalent In Idlo* 
cram-ealorles multiplied by •048. 

E».048 XH. 

Examples. 

What number of volts is required to decompose 
water ? 

Solution: Prom the table we find that the com- 
bination of one gram of hydrogen with eight grams 
of oxygen liberates 34.5 calories. Then 34.5 X 
.043 = 1.48 volts. 

Rule 59. To determine tbe Tolta^e of a salTanle 
eouple subtract tbe kilogram calories corresponding to 
decompositions In tbe cell fk-om tliose corresponding to 
combinations In tbe cell for effectlTC energy and mnltl* 
ply by ,043 for Folts. 

Examples. 

Calculate the voltage of the Smee couple. 
Solution: In this battery zinc combines with 



BATTEBIE8. 77 

oxygen^ giving out 43.2 calories and combines with 
sulphuric acid, giving 11.7 more calories; a total of 
54.9 calories. An equivalent amount of water is at 
the same time decomposed acting as counter-energy 
of 34.5 calories. The effective energy is 54.9 — 
34.5 = 20.4 calories. The voltage = 20.4 X ,043 = 
.877 volts. 

Calculate the voltage of the sulphate of copper 
battery. 

Solution: Here we have combination of zinc with 
sulphuric acid as above 54.9 calories; decomposition 
of copper sulphate 19.2 + 9.2 = 28.4 . •. 54.9 — 28.4 
= 26.5 calories effective energy 26.5 X .034 = 1.14 
volts. 

It will be noticed that these results are approxi- 
mate. Some combinations are omitted in them as 
either of unknown energy, or of little importance. 

Work op Battbbibs. 

The rate of work of a battery is proportional to 
the current multiplied by the electro-motive force. 
The work is distributed between the battery and the 
external circuit in the ratio of their resistances as by 
Rule 55. The horse-power, and heating power are 
calculated by Rules 30-43, care being taken to dis- 
tribute the energy acording to the resistance by 
the following rule: 

Bale 60. Tlie etCeetlve rate of "worls. or tlie rate of 
irork In tbe external eirealt of a battery, is equal to tlta 
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total rate multiplied by tbe efficiency of tbe battery ez« 
pressed decimally. 

Example. 

25 cells of 2 volt 1 ohm battery are arranged in 
series on an external circuit of 250 ohms resistance. 
What work do they do in that circuit? 

Solution: The current (Ohm's law) = §^ = 1 

1.818 amperes. Total rate of work = 1.818 X 50 
volts = 90.9 watts. EflSciency of battery = JH = 90 
per cent, (nearly). Effective rate of work = 1.818 X 
50 X .90 = 81.81 watts. 

Chemicals Consumed in a Battery. 

Bale 61 • Tlie clftemlcals consnmed In srams by a bat- 
tery for one kllosram-meter (7.23 foot lbs.) of w^ork are 
found by ntnltlplylns tbe eomblnlns eqnlTalent of tbe 
ebemlcal by tbe number of eqnlTalents in tbe reaction 
by tbe constant .000101867 and dlTldlns by tbe pro- 
duct of tbe E. M* F« by tbe valency of tbe element In 
question* 

^ ^ Bqniv. X n X .000101867 
S X valency 

Examples. 

What is the consumption of zinc and sulphate of 
copper per kilogram-meter of work in a Daniel's 
battery? 

Solution: Take the E. M. P. as 1.07 volt. The 
equivalent of zinc, a dyad, is 66 and one atom en- 
ters into the reaction. The zinc consumed there- 

fore = "^V^'^"'"" = -00309 gram. 
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The equivalent of copper sulphate, is 159.4. One 
equivalent enters into the reaction carrying with it 
one atom of the dyad metal copper. The weight 

consumed therefore = ''''' llr^'xT'''^ = -^^76 
grams. Add 66.46jt for water of crystallization. 

All these quantities are for one kilogram-meter of 
work (7.23 foot lbs.) which may be more or less 
effective according to circumstances as developed in 
Eules 44, 45, and 60. 

Decomposition op Compounds by the Battery. 

In cases where a compound has to be decomposed * 
by a battery two resistances may be opposed to the 
work. One is the ohmic resistance of the solution, 
which is calculated by Eule 16. The other is the 
electromotive force required to decompose the solu- 
tion. This is best treated as a counter-electromotive 
force. Then from the known data the current rate 
is calculated, and from the electro-chemical equiva- 
lents the quantity of any element deposited by a 
given number of coulombs is determined. * 

Rule 62. To calculate tbe metal or other element lib- 
erated bj a slTcn current per glTen time proceed as fol- 
loivrsi Calculate tbe resistance. Determine tbe connter- 
electromotlTe force of tbe solntlon by Rnle 58 and sab- 
tract It frotn tbe E. HI. F. of tbe battery or generator* 
Apply Obm's laiv to tbe effectlTe Toltase tbns deter- 
mined and to tbe calculated resistances to find tbe cur- 
rent. Multiply tbe electro-cbemlcal equl-ralent of tba 
•lement by tbe coulombs or ampere-seconds. 
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Example. 

A bath of sulphate of copper is of specific resis* 
tance 4 ohms. The electrodes are supposed to be 
10,000 sq. centimeters in area and 5 centimeters 
apart. Two large Bunsen elements in series of 
1.9 volts .12 ohms each are nsed. What weight 
in milligrams of copper will be deposited per 
hour? 

Solution: By Rule 16 the resistance of the solu- 
tion is ^^ = 0.023. The electro-chemical equiva- 
lent of copper is .00033 grams. The thermo-electric 
equivalent for copper from sulphate of copper 
is 19.2 + 9.2 = 28.4 calories. The E. M. F, 
corresponding thereto = 28.4 X .043 = 1.22 volts 
counter E. M. F. The E. M. F. of the bat- 
tery = 1.9 X 2 = 3.8 volts, giving an effective E. M. 
P, of 3.8 — 1.22 = 2.58 volts. The resistance of the 
battery == .12 X 2 = .24 ohms. The current = 

*^ =9.8 amperes. This gives per hour 9.8 X 



3,600 = 35,280 coulombs, and for copper deposited 
.00033 X 35,280 — 11.64 grams. 

In many cases one electrode is made of the mater- 
ial to be deposited and being connected to the car- 
bon end of the battery or generator is dissolved as 
fast as the metal is deposited. In such case there 
is no counter electro-motive force to be allowed 
for. 
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EXAMPUC. 

Take the last ease and assume one electrode (the 
anode) to be of copper and to dissolve. Galculate 
the deposit. 

Solution: Current = 3.8 ■*- (.24 + .023) = 14.4 
amperes = 5] ^840 coulombs per hour = .00033 X 
61,840 = 17.10 grams of copper. 



CHAPTEE IX. 
blectro-magkets, dykam08 and motors. 

The Magnetic Field and Lines op Force. 

A CURRENT of electricity radiates electro-magnetic 
wave systems^ and establishes what is known as a 
field of force. The field is more or less active or in- 
tense according to the force establishing it. The 
intensity of a field is for convenience expressed in 
LINES OF FORCE. These are the units of magnetic 
intensity, often called units of magnetic flux, and 
the line as a unit is comparable to the ampere X 10, 
which is the 0. Q. S. unit of current. A line of 
force is that quantity of magnetic flux which passes 
through every square centimeter of normal cross- 
section of a magnetic field of unit intensity. The 
line is at right angles to the plane of normal cross- 
section of such field. Such intensity of field exists 
at the center of curvature of an arc of a circle of ra- 
dius 1 centimeter, and whose length is 1 centimeter, 
when a current of 10 amperes passes through this 
arc. Practically it is the amount which passes 
through an area of one square centimeter, situated 
in the center of a circle 10 centimeters in diameter. 
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• 

surrounded by a wire through which a current of 
7.9578 amperes is passing. The plane of the circle 
is a cross-sectional plane of the field; a line perpen- 
dicular to such plane gives the direction of the lines 
of force, or of the magnetic flux. 

This cross-sectional area is often spoken of as the 
field of force. As a field exists wherever there are 
lines of force, there are in each magnetic circuit 
either an infinite number of fields of force, or a 
field of force is a volume and not an area. 

The number of lines of force or of magnetic fiux 
per unit cross-sectional area of the magnetic cir- 
cuit, i. e. per unit area of magnetic field, expresses 
the intensity of the field. In soft iron, it may run as 
high as 20,000 or more lines per square centimeter 
of cross-section of the iron which is magnetized. 

Just as we might speak of a bar of copper acting 
as conductor for 20,000 0. G. S. units of current, or 
2000 amperes, so we may speak of the iron core of a 
magnet carrying 20,000 lines of force. 

Permeance and Reluctance. 

This action of centralizing in its own material 
lines of force is analogous to "conductance." It is 
termed permeance. Its reciprocal is termed 
reluctance, which is precisely analogous to 
" resistance.'* Iron, nickel, and cobalt possess high 
permeance; the permeance of air is taken as unity. 
At a low degree of magnetization, soft iron pos- 
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sesses 10,000 times the permeance of air. At high 
degrees of magnetization, it possesses much less in 
comparison with air, whose permeance is unchanged 
under all conditions. 

There is no substance of infinitely high reluctance, 
which is the same as saying that there is no insula- 
tor of magnetism. 

MaGKBTIZIKG PoROB AlffD THE MAGNBTIO OiB- 

OUIT. 

The producing cause of the magnetic flux or mag- 
netization just described is in practice always a cur- 
rent circulating around an iron core. The name of 
MAGNBTiziNG FORCE is often givon to it. It is the 
analogue of electro-motive force, and is measured by 
the lines of force it establishes in a field of air of 
standard area. 

A high value for the magnetic force is 585 lines 
per square centimeter. It is proportional to the 
amperes of current and to the number of turns the 
conductor makes around it. Its intensity is often 
given in ampere-turns. 

Magnetization always implies a circuit. As far as 
known, magnetic lines of force cannot exist without 
a return circuit, exactly like electric currents. But 
owing to the imperfect reluctance of all materials, 
the lines of force can complete their circuit through 
any substance. In a bar magnet the return branch 
of the circuit is through air. 
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In the same magnetic circuit, the planes of nor- 
mal cross-section lie at various angles with each 
other. 

The' law of a magnetic circuit is exactly compar- 
able to Ohm^s law. It is as follows: 

Rale 63* Tl&e mas^netization expressed in lines of 
force Is eqnal to tike masnetlzlnK force dlTlded by tlie 
relnctance or mnUlplled by th.e permeance of tl&e entire 
circuit. 

' This rule would be of very simple application, ex- 
cept for the fact that reluctance increases, or per- 
meance decreases, with the magnetization, and the 
rate of variation is different for different kinds of 
iron. 

Rule 64. Permeability is tbe ratio of mag^netization 
to maffnetlzlnff force^ and is obtained by diTiding: mag* 
netizatlon by masnetizins force* 

Permeability has to be determined experimentally 
for each kind of iron. It is simply the expression 
of a ratio of two systems of lines of force. It 
always exceeds unity for iron, nickel, and cobalt. 
The specific susceptibility of any particular iron to 
magnetization is its permeability. The susceptibil- 
ity of a portion, or of the whole of a magnetic cir- 
cuit is its permeance. 

General Eules for Electro-Magkbts. 

The traction of a magnet is the weight it can 
sustain when attached to its armatu/^. It is pro- 
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portional to the square of the number of lines of 
force passing through the area of contact. 

Rale 65. Tlie traction of a ma^^net in pounds Is eqnal 
to tkte square of tlie number of lines of force per square 
incliy multiplied by tbe area of contact and divided by 
729134,000. In centimeter measurement tbe traction 
in pounds is equal to tlie square of tbe number of lines 
of force per square centimeter multiplied by tlie area of 
contact and divided by 11,183,000. The traction in 
crams is equal to the latter dlTldend divided by 24,655 
(8 « X 081); for dynes of traction the divisor is 25.132 
(8») 

a 

Examples. 

A bar of iron is magnetized to 12^900 lines per 
square inch; its cross-section is 3 square inches. 
What weight can it sustain^ assuming the armature 
not to change the intensity of magnetization? 

Solution: 12,900^ X 3 = 499,230,000. This di- 
vided by 72,134,000 gives 6.914 lbs. traction. 

A table calculated by this rule is given. A 
diminished area of contact sometimes increases trac- 
tion, and a non-uniform distribution of lines may 
occasion departures from it. The above rule and 
the table alluded to are practically only accurate 
for uniform conditions. The reciprocal of the rule 
is applied in determining the lines of force of a 
magnet experimentally. 

Rule 66. Tbe lines of force ivbicli can pass tl^rousli a 
magnet core ivlth economy are determined by tl&e tables, 
Iceepins: In mind tbat it is not adTisable to let tbe per- 
meability fall beloi¥ 200—300. From tbem a number 
is taken (40,000 lines per square incli for cast iron or 
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100,000 lines per square Incb for iirroaslit iron are ^ood 
general aTerages) and is multiplied by tl&e eross-see- 
tfonal area of tbe magnet core. 

Rale 67. To calculate tl&e magnetizlnff force In am- 
pere turns required to force agiTcn number of maffnetie 
lines tbrougb a giTcn permeance, multiply the desired 
lines of force by tlie reluctance determined as belovr* 

Rule 68. a. Tbe reluctance of a core or of any portion 
thereof for Incli measuremeuts Is equal to the product 
of the length of the core or of the portion thereof by 
0.31 32 diTlded by the product of its cross-sectional area 
and permeability* 

b. The reluctance for centimeter measurements is 
equal to the length of the core divided by the product of 
1.2566, by the cross-sectional area and the permea- 
bility. 

Examples. 

440,000 lines are to be forced through a bar of 
wrought iron 10 inches long and 4 square inches in 
area; calculate its reluctance and the magnetizing 
force in ampere turns required to effect this mag- 
netization. 

Solution: The reluctance (a) = 10 X .3132 -»- (4 X 
permeability). 440,000 lines through 4 square inches 
area is equal to 110,000 lines through 1 square 
inch; for this intensity and for wrought iron the 
permeability = 166. 166 X 4 = 664. The reluc- 
tance therefore = 3.132 -*- 664 = .0047. The mag- 
netizing force in ampere turns = 440,000 X .0047 
= 2068. 

The same number of lines are to be forced 
through a bar 25.80 square centimeters area and 



88 ARITHMETIC OF ELECTBICITT. 

25.40 centimeters long. Calculate the ampere 
turns. 

Solution: 440,000 lines through 25.80 sq. cent. 
= ^^ = 17,054 through 1 sq. cent., for which the 
permeability = 161. The reluctance therefore, (b) 
= 25.40 + (1.2566 X 25.80 X 161) = .0048. The 
ampere turns = 440,000 X .0048 = 2112. 

Magnetic Cibcuit Oalculatioks. 

Practically useful calculations include always the 
attributes of a full magnetic circuit, because mag- 
netization can no more exist without a circuit than 
can an electric current. In practice an electro- 
magnetic circuit consists of four parts: 1, The 
magnet cores; 2 and 3, the gaps between armature 
and magnet ends; 4, the armature core. To cal- 
culate the relations of magnetizing force to magne- 
tization the sum of the reluctances of these four 
parts has to be found. A further complication 
is introduced by leakage. The permeability of well 
magnetized iron being so low, not exceeding 150 to 
300 times that of air, a quantity of lines leak across 
through the air from magnet limb to magnet limb. 
Leakage is included in the sum of the reluctances 
by multiplying the reluctance of the magnet core by 
the coefficient of leakage, which is calculated for 
each case by more or less complicated methods. For 
parallel cylindrical limb magnets the calculation is 
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exceedingly simple. The calculation in all cases is 
simplified by the fact already stated^ that in air 
permeability is always equal to unity, whatever the 
degree of magnetization. For copper and other 
non-magnetizable metals the variation from unity is 
so slight that it may, for practical calculations^ . be 
treated as unity. 

Leakage oe Lines oe Poeoe. 

Leakage is the magnetic flux through air from 
surfaces at unequal magnetic potential, such as 
north and south poles of magnets. It is measured 
by lines of force and is proportional to the relative 
permeance of its path. 

The coefficient of leakage of a magnetic circuit is 
the quotient obtained by dividing the total magnetic 
flux by the flux through the armature. The total 
magnetic flux is the maximum flux through the 
magnet core. 

Rale 60. To obtain tlie coefficient of leakage divide 
tlie permeance of tbe armatnre core and of the turo saps 
plus one-balf the permeance of air betireen magnet 
limbs by the permeance of the armatnre core and of the 
tiro gaps. 

Example. 

The total flux through an armature core is found 
to be at the rate of 70,000 lines per square inch, and 
the armature core is 3 inches diameter and 10 inches 
long. The average length of travel of the magnetic 
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lines through it is H inches. The air gaps are 10 X 
3 inches area and i inch thick. The permeance be- 
tween the limbs of the magnet is 500. Calculate 
the coefficient of leakage. 

Solution: 70,000 lines per square 'inch gives a 
permeability of 1,921. By Kule 68 the reluctance 

of the armature core is ^ ^\ ^^^ X .3132 = .000008. 

The reluctance of a single air gap is i X .3132 = 
.0052. Thus the armature reluctance is so small 
that it may be neglected. The permeance of the 
two air gaps is given by ^oJ^g ~ ^^^ (about). The 

coefficient of leakage = ^^^^ = 3.6. 

As the coefficient of leakage is the factor used in 
these calculations, the permeance of the leakage paths 
is the desired factor for its determination. In the 
case of cylindrical magnet cores parallel to each 
other, they are obtained from Table XIII. given in 
its place later. It is thus calculated and used. 
The least distance separating the cores (b) is di- 
vided by the circumference of a core (j>) giving the 
ratio (^) of least distance apart to perimeter of a 
core. The number corresponding in columns 3 or 5 
is multiplied by the length of a core. The product 
is the permeance. Columns 2 and 4 give the re- 
luctance. To reduce to average difference of mag' 
netic potential divide by 2. 
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Example. 

Calculate the permeance between the legs of a 
magnet^ 3 inches in diameter and 12 inches high 
and 5 inches apart. 

Solution: The perimeter = 3 X 3.14 = 9.42. ^ = 
i or .5 nearly. From the table of permeability 
we find 6.278. Multiplying this by 12 we have 
6.278 X 12 = 75.336, the permeance. Dividing by 
2 we have ^^^|^ = 37.668, the permeance for use in 
the calculation of leakage coefficient. 

It will be observed that this calculation is based 
entirely on the ratio stated, and that absolute di- 
mensions have no effect on it. 

For flat surfaces, parallel and facing each other, 
the following method precisely comparable to the 
rule for specific resistance is used: 

Rule 70* The permeance of tike air space bet-vreen flat 
parallel surfaces Is equal to their aTerage area multi- 
plied by 3.193 and divided by their distance apart, all 
in Inch measurements. 

Example. 

Determine the permeance between the two facing 
sides of a square cored magnet 15 inches long, 3 
inches wide and 8 inches apart. 

Solution: 3 X 15 = 45 (the average area); 45 X 
3.193 -I- 8 = 17.96. For use in calculations it 
should be divided by 2 giving 8.98. This division 
by 2 is to reduce it to the average difference of mag- 
netic potential between the two magnet lega 
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Calculations fob Magnetic Cibouits, 

A magnetic circuit is treated like an electric one. 
The permeance (analogue of conductance) or reluc- 
tance (analogue of resistance) is calculated for its 
four parts, magnet core, two air gaps, and armature 
core. The leakage coefficient is determined and ap- 
plied. The requisite magnetizing force is calcu- 
lated in the form of ampere turns (the analogue of 
volts of E. M. P.). The preceding leakage rules 
cover the case of parallel leg magnets. For others 
a slight change is requisite in the leakage calcula- 
tions, but in practice an average can generally be 
estimated. 

EXAMPUB. 

Assume the magnet and armature of a dynamo. 
The magnet is of cast iron, each leg is cylindrical in 
shape, 4 inches in diameter and 20 inches high. 
Prom center to center of leg the distance is 9 inches. 
The armature core of soft wrought iron is 4 inches 
in diameter and 8 inches long, the pole pieces curv- 
ing around it are 4 inches, measured on the curve 
inside, by 8 inches long. The air gap is i inch 
thick. Calculate the reluctance of the circuit and 
the ampere turns for 500,000 lines of force. 

Solution: The pole pieces approach within 2i 
inches of each other. This leaves 1) inches of the 
diameter of the armature core embedded or included 
within or embraced by them. One-half of this 
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amount may be taken and added to 2i giving 3^ aa 
the average depth of core for an area 4 X 8 = 32 
square inches. The lines per square inch of arma- 
ture core are —^— = 15,625 lines per square inch. 
By the table of permeability, 4650 is given for per- 
meability for 30,000 lines in soft iron. For 15,625 
lines per square inch 9,000 can safely be taken for 
permeability. Its relative reluctance is therefore 
3g^^^ = .000011 relative armature core reluctance. 

(1) 

The relative reluctance of one air gap (permeabil- 
ity = 1) is i -«- 32 = .0078 and .0078 X 2 = .0156 =5 
air gaps reluctance (2). 

The ratio ^ of the table for determining the leak* 
age between cylindrical magnet legs is ^rr^j^ = .4. 
5 is the distance between the legs. Permeance cor- 
responding thereto is 6.897, which multiplied by 20, 
the length of the legs, and divided by 2 for average 
magnetic potential difference gives 68.97 for rela- 
tive effective permeance (3). 

The relative reluctance of the air gaps and arma- 
ture core is .015611; the reciprocal or permeance is 
64.06 (4). 

For coeflScient of leakage we have (64.06 + 68. 97) 
1- 64.06 = 2.08 (5). 

To find the relative reluctance of the magnet core 
whose yoke may be taken as of mean length 9 inches 
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and of area equal to that of the core (3.14 X 2^ = 
12.56) we have to first determine the permeability. 

^^ = 40,000 lines per square inch, corresponding 

to a permeability of 258. For the effective reluc- 
tance of the magnet core introducing the factor of 
leakage (2.08) we have the expression ^^+f^^>^^-^ 

= .0314. 

To get ampere turns, we add the reluctances of 
circuit, multiply by .3132 and by the required lines, 
(.000011 + .0156 + .0314) X .3132 X 500,000 =» 
7362 ampere turns required. 

In the above calculations, the multiplication by 
.3132 was omitted to save trouble, relative reluc- 
tances only being calculated, until the end when one 
multiplication by .3132 brought out the ampere 
turns. The leakage appears excessive partly be- 
cause of the high reluctance of the two air gaps. 
These should be increased in area and reduced in 
depth if possible. The leakage is also high on 
account of the legs of the magnet being close to- 
gether. Were these separated, a larger armature 
core might be used, justifying a lower speed or rota- 
tion of armature, reducing reluctance of air gaps by 
increasing their area, and reducing leakage between 
magnet legs by increasing their distance. The 
magnet legs might also be made shorter, thus reduc- 
ing leakage. 
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Thus assume the magnet core of the same cross- 
sectional area^ but only 10 inches long and with a 
distance apart of legs of 7 ir^hes, giving a 7 X 10 
inch armature core and pole piece areas (air gap 
areas) of 7 X 10 ■= 70 sq. inches. 

For leakage ratio we have (p) = j^ ™ -56 giv- 
ing from the proper table 6.000 (about), 5:222^ 
«= 30 relative permeance of air space between legs. 

For air gaps reluctance J -»- 70 = .00357 which 
for the two gaps gives .00714 relative reluctance. 

Treating the armature core as a prism 7 X 10 ■= 70 
sq. inches area and 5 inches altitude^ we have for 
lines per sq. inch 600,000 + 70 = 7000 giving it 
about 9000 and reluctance as 6 + (70 X 9,000) =» 
.000008 reluctance. 

Air gaps and armature core reluotanoe *■ .OOTIDS 

and permeance = 0^49 — 139. 

Coefficient of leakage = ^^^ » 1.21. 

If the depth of the air gaps was reduced to i inch 
the coefficient of leakage would then be about 1.11. 

Every surface in a magnet leaks to other surfaces 
and the leakage from leg to leg is sometimes but one 
third of the total leakage. In practice the total 
leakage often runs as high as 50^, giving a coefficient 
of 2.00 and in other cases as low as 25^^ giving a co« 
efficient of 1.33. 
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Dynamo Aematubes. 

An armature of a dynamo generally comprises two 
parts — ^the core and the winding. The core is of 
soft iron. Its object is to direct and concentrate 
the lines of force^ so that as many as possible of 
them shall be cut by the revolving turns or convolu- 
tions of wire. The winding is usually of wire. It 
is sometimes, however, made of ribbon or bars of 
copper. Iron winding has also been tried, but has 
never obtained in practice. The object of the wind- 
ing is to cut the lines of force, thereby generating 
electro motive force. The number of the lines of 
force thus cut in each revolution of the armature 
is determined from the intensity of the field per 
unit area, and from the position, area and shape of 
the armature, coils and pole pieces. The number 
thus determined, multiplied by the number of times 
a wire cuts them in a second, and by the effective 
number of such wires, gives the basis for determin- 
ing the voltage of the armature. 

Rule 71. One Tolt E« RE. F« Is generated by the eattlne 
of 10^ (lOOyOOOyOOO) lines of force in one second. 

Examples. 

A single convolution of wire is bent into the form 
of a rectangle 7 X 14 inches. It revolves 26 times a 
second in a field of 20,000 lines per square inch. 
What E. M. P. will it develop at its terminals? 

Solution: The area of the rectangle is 7 X 14 = 98 
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square inches. Multiplying this by the lines of force 
in a square inch, we have 98 X 20,000 = 1,960,000. 
Each side of the rectangle cuts these lines twice in 
a revolution, and makes 25 revolutions in a second. 
This gives 25 X 2 X 1,960,000 = 98,000,000 lines 
cut per second, corresponding to 98 X 10* X 10"* = 
98 X 10-« = ASf volts E. M. F. generated, or iWoWo^ 
= JWf volts. 

The field of the earth in the line of the magnetic 
dip = .5 line per square centimeter. Calculate a 
size, number of layers, and speed of rotation for a 
one volt earth coil. 

Solution : We deduce from the rule the following : 
Area of coil X revolutions per sec. X convolutions 
of vdre X .5 X 10"' =« .5. We may start vvrith revolu- 
tions per second, taking them at 20. Next we may 
take 50,000 convolutions. 20 x 50,000 x .5 — 
500,000. This must be multiplied by 200 to give 
10'; in other words, the average area within the 
wire coils must be 100 square centimeters, or 10 X 
10 centimeters. 2 x 100 X 2000 x 500 X .5 =- 10', 
and 10' X lO"' — 1 volt 

Rule 72. Tl&e eapaclty of an armatare for current is 
determined by tbe cross-section of its conductors. Tliis 
•liould be sucii as to alloir 520 square mils per ampere 
s= 1933 amperes per square ineii area* 

Example. 

A drum armature coil is of 4 inches diameter, 
and is wound with wire jh of the periphery of the 



98 ARITHMETIC OF ELECTRICITY. 

drum in diameter; the wire is 100 feet long. Its 
E. M. F. is 90 volts. What is the lowest admissible 
external resistance? 

Solution: The circumference of the drum is 3.14 
X 4 = 12.56 inches. The diameter of the wire is 

^ = .0418 in. or 42 mils. The area of the wire is 
21* X 3.14 = 1387 square mils. By the rule the 
allowable current in amperes for a single lead of 
such wire is -W^ = 2.66 amperes. But on a drum 
armature the wire lies with two leads in parallel. 
Hence it has double the above capacity or 2.66 X 2 
= 5.32 amperes. The resistance of such wire may 
be taken at .137 ohm. By Ohm^s law the total re- 
sistance for the current named must be ^ or 17 

ohms. The external resistance is given by 17 -"^ 
.137 = 16.863 ohms. 

These two rules enable us to calculate the ca- 
pacity of any given armature. Certain constants 
depending on the type of armature have to be intro- 
duced in many cases. 

Dbijm Type Closed Circuit Aematubes. 

For these armatures the following rules of varia- 
tion hold, when they do not differ too much in sise, 
and are of identical proportions. 

Rnle 78* a. Tlie E« Iff* F. Taries directly i¥ltb tbe 
•qnare of the size of core and ^vlth the namber of tarns 
of "Wire. 
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6. Tlie current capacity Tarles iritli tlie slxtli root 
of tl&e size of core for Identical £. in. F« 

c. The resistance Tarles directly ivitli the cube of the 
nnmber of tarns and inTcrsely irlth the size of core* 

d. The ampera^^e on short circuit Taries directly ^vlth 
the cube of the size find iuTersely i¥lth the square of 
the number of turns. 

In these rules the proportions of the drum are 
supposed to remain unchanged. Size may be re- 
ferred to any fixed factor such as diameter^ as lineal 
size is referred to. 

These rules enable us to calculate an armature 
for any capacity and voltage. As a starting point a 
given intensity of field, speed of rotation, and num- 
ber of turns of wire and size of wire has to be taken. 
The wire is selected to completely fill the periphery 
of the drum. Then a trial armature is calcu- 
lated of the required voltage and its amperage is 
calculated. With this as a basis, by applying Sule 
73, sections a and J, the size of an armature for the 
desired current capacity is calculated, the E. M. P. 
being kept identical. As a standard for medium 
sized machines 20% of the turns of wire may be con- 
sidered inactive. 

Example. 

Calculate a 100 volt, 20 ampere armature, whose 
length shall be twice its diameter, to work at a 
speed of 15 revolutions per second. 

Solution: Take as intensity of field 20,000 lines 
?*er square inch. Allow 80^^ of active turns of 
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wire. Start with a core 8 X 16 = 128 square inches, 
including 128 X 20,000 = 256 X 10* lines of force. 
The given speed is 15 rotations per second. For 
the number of active turns of wire per volt we 
have to divide 10^ or 100,000,000 by one half the 
lines of force cut by one wire per second. This 
number is 256 X 10* X 15, or 38,400,000; and 

j^CC = ^-^ *^^^8. For 100 volts, therefore, 260 
active turns are needed. If one half the lines were 
not taken the result would be one half as great, be- 
cause each line cuts each line of force twice in a 
revolution, and in the computation a single cutting 
per revolution only is allowed for. . 

The reason for thus taking one half the lines cut 
by a single wire as a base is because in the drum arma- 
ture the wires work in two parallel series, giving one 
half the possible voltage. The actual turns are 
260 -^ .80 = 325, say 324 turns. Assume it to be 
laid in two layers giving 162 turns to the layer. 
The space occupied by a wire is equal to the peri- 
meter divided by the number of wires or t% = .154 
in. Allowing 25ji^ for thickness of insulation, lost 
space, etc., we have .115 in. or 115 mils as the 
diameter of the wire. In the drum armature as just 
stated the wire is parallel, so that the area of one 
lead of wire has to be doubled, giving 10,573 X 
2 square mils as the area of the two parallel leads. 
This is enough for 40 amperes or double the amper- 
age required. This capacity is reached by taking 
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520 square mils per ampere as the proper cross-sec- 
tional area of the wire. (Rule 72.) 

We must therefore reduce the size to give J^ the 
ampere capacity; this reduction (by Eule 73 h) is in 

the ratio 1 : J^" = 1 : .89018 ; the size therefore is 
8 X .89018 diameter by 16 X .89018 length = 7.12 
X 14.24 inches. 

Applying a for voltage we have for the same num- 
ber of turns on the new armature a voltage in the 
ratio of 1 : .89018' or about A of that required. We 
must therefore divide the number of turns in the 
trial armature by .89018^ giving for the number of 
turns -^ = 409, say 410 turns. 

To prove the operation we first determine the 
voltage of the new armature. Its area is 7.12 X 
14.24 = 101.4 square inches including 2,028,000 lines 
of force. The active wires are 410 X .8 = 328. 
We have for the voltage = . ^^056,000^x164 x is _ gg ^g 

volts. 

The relative capacity of the wire is deduced from 
the square of its diameter. The circumference of 
the new armature is 7.12 X 3.14 = 22.3568. There 
are 205 turns in a layer giving as diameter of wire 

^^ = .1091 mils. This must be squared, giving 
.0119, and compared with the square of the corre- 
sponding number for the original armature. This 
number was 25 -*- .162 =» ,154 inch. .154« = .02371 



102 ARITHMETIC OF ELECTRICITY. 

and .01190 -*- .02371 = i (nearly), showing that 
the new armature has one half the ampere capac- 
ity of the old, or 40 X i = 20 amperes as re- 
quired. 

The gauge of the wire is reached by making the 
same allowance for insulation and lost space, viz., 
25j^. .1091 X .76 == .0818 in. or 81.8 mils diameter, 
for size of wire. Of course there is nothing absolute 
about 25^ as a loss coefficient; it will vary with 
style of insulation and even to some extent with the 
gauge of wire. But as Eule 73 is based upon the 
assumption that this loss is a constant proportion of 
the diameter of the wire, too great a variation of 
sizes should not be allowed in its application. In 
other words the trial armature should be as near as 
possible in size to the final one. 

Suppose on the other hand that an armature for 
100 amperes was required. This is for 2j4 times 
40 amperes (the capacity of the first calculated or 
trial armature). 

Applying b we extract the 6th root of 2>^. (2j^)t 
= 1.1653 (by logarithms or by a table of 6th 
roots). The size of the new armature is therefore 
8 X 1.1653 by 16 X 1.1653 or 9.3224 X 18.6448 
inches. 

Applying a for voltage we have for the same num- 
ber of turns of the new armature a voltage in the 
ratio of 1.1653^ : 1 or 1.358 times too great. WTe 
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must therefore multiply the original turns by the 
reciprocal of 1.358, giving j^ = 239 turns. 

To prove the voltage, we multiply 239 by .8 for 
the active turns of wire, giving 191.2 turns. The 
area of the armature is 9.32 X 18.64 = 172.7 square 
inches. For voltage this gives 172.7 X 191.2 X 20,- 
000 X 15 X 10^ = 98.6 volts (about). 

To prove the capacity we must divide the circum- 
ference of the new armature, 9.32 X 3.14 = 29.26 
inches, by the turns of wire in one layer, 4^ = 120 
turns (about). This gives a diameter of 244 mils 
(nearly). The ratio of capacities of the original and 
this wire is .244^ -«- .154^ inches = .059536 ■*- .02371 
=2.51 corresponding to 40 X 2.51 = 100 amperes. 

These results, owing to omissions of decimals, do 
not come out exactly right and it is quite unneces- 
sary that they should. The accuracy is ample for 
all practical purposes. For armature dimensions it 
would be quite unnecessary to work out to the sec- 
ond decimal place. It would answer to take as ar- 
mature sizes in the two cases given 7 X 14J^ inches 
and 9^ X 18^ inches. 

It is also to be noted that a very low rate of rota- 
tion was taken. 25 to 30 turns per second would 
not have been too much. The latter would give 
double the voltage and the same amperage. 

Field Magnets of Dynamos. 
The calculation for a magnetic circuit given on 
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pages 92 et seq.> is intended to supply an example of 
the calculation of the circuit formed by a field mag- 
net and its armature^ such as required for dynamos. 
The leakage of lines of force is and can only be so 
incompletely calculated that it is probably the best 
and most practical plan to assume a fair leakage 
ratio and to make the magnet cores larger than re- 
quired by the lines of force of the armature in this 
ratio. A low multiplier to adopt is 1.25, which is 
lower than obtains in most cases; 1.50 is probably a 
good average. 

Rule T4« Tlie oros9»sectlonal area of tbe fleld-maa^net 
cores Is equal to tbe line* of force In tbe field divided bjr 
tlie magnetic flux (column B) for tlie material selected 
and correspondlns to tbe cbosen permeability (m)) mul* 
tl plied by.tlie leakage coefficient. 

A good range for permeability is from 200 to 400 
giving for wrought iron from 100,000 to 110,000 
lines of force per square inch and for cast iron from 
35,000 to 45,000 lines per square inch; for the field 
from 15,000 to 20,000 lines per square inch may be 
taken. 

The permeability table gives data for diflferent 
qualities of iron. 

Example, 

Taking the 100 volt 100 ampere armature last cal- 
culated, determine the size of field-magnet cores to 
go with it, and the ampere turns and other data. 

Solution: Assume 20,000 lines of force per square 
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inch in the field, 45,000 in cast iron and 110,000 in 
wrought iron core and a leakage coefficient of 1.25. 
We have for total lines of force passing through 
armature 173.7 X 20,000 = 3,454,000; cross-sectional 

area for cast iron core ^^ X 1.25 = 96 square 

inches; cross-sectional area for wrought iron core 

^^^ X 1.25 = 39 square inches. 

As length of cores we may take 20 inches with 
a distance between them of 10 inches. Assume 
wrought iron to be selected. If cylindrical they 
would be 7 inches in diameter to give the required 
cross-sectional area. The yoke connecting them 
would average in length 10 + 7 = 17 inches, giving 
for magnet cores and yoke a length of 17 + 20 + 20 
= 57 inches. The reluctance of cores and yoke 
(Rule 68) = ^^ (taking /* = 200) which reduces 

to .00132 (1). 

The armature area is 172.7 inches. As average 
length of the path of lines of force through it 6 
inches may be taken. As it passes only 20,000 lines 
of force per square inch of fi^ld its permeability is 

, , , • • v„ ft X .8188 

high, say 9000. Its reluctance is given by 173x9000- 

This is so low that it may be neglected. 

The area of each air-gap may be taken as 173 
square inches, and of depth of two windings plus 
about * inch for clearance or windage giving 
(.224 X 2) + .1 = about .6 inch for its depth. Its 
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reluctance is '^ ^^^^ = .00108. As there are two aii 

gaps we may at once add their reluctances giving 
.00216 (2). 

By Rule 67 the ampere turns are equal to the 
product of the reluctances (1) and (2), by the lines 
of force giving (,00121 + .00216) X (172.7 + 20,000) 
= 11640 ampere turns. 

The proper size of wire for series winding may be 
determined by Sir William Thompson's rule that in 
series wound dynamos the resistance of the field mag- 
net windings should be f that of the armature. The 
length of the wire in the armature is equal approxi- 
mately, to the circumference 9.32 X 3.14 = 29.26 
multiplied by the number of turns (240) giving 
29.26 X 240 = 7022 inches. 

The wire turns on the field magnets are found by 
dividing the ampere turns by the amperes giving 
HV^ = 232 turns. The circumference of the mag- 
net leg is 7.0 X 3.14 = 22 inches. The total length 
of wire is therefore, approximately, 232 X 22 = 5104 
inches. 

To compare the resistances we must use -^^^ for 
the length of the armature wire, because it is in 
parallel, and therefore is i the length and i the re- 
sistance of the full wire in one length. Dividing by 
4 introduces this factor. 

As the resistances of the wires are to be in the ratio 
of 2 : 3, we have by Rule 13 (calling the thickness 
of armature wire 244 X .75 = 183 mils to allow for 
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insulation, etc.), 2:3:: 183« X 5104 : a? X ^V*, and 
solving we find a? = 73026 r. x = 270 mils. 

For shunt winding Sir William Thompson's rule 
is that the product of armature and field resistance 
should equal the square of the external resistance. 
The latter may be taken (Ohm's law) as equal to 

^QQ^Q^*" = 1 ohm. Properly the armature resist- 

100 amperes ^ •^ 

ance should be allowed for, but it is so small that it 
need not be included. We have therefore, arma- 
ture resistance X field resistance = 1^ X 1. 

The armature resistance is .0419 ohms. There- 
fore the field resistance is ■;^g = 24 ohms. The cur- 
rent through this is equal to W = 4 amperes 
Cnearlv). Therefore ^^^ = 2910 turns of wire are 

, # 1- • -n 1.^ 22X2910 

needed. The length of such wire will be — jg- 
= 5335 feet. The resistance is about 4. 4* ohms per 
1000 feet corresponding to about .48 mils diameter. 

The Kapp Like. 

Mr.Gisbert Kapp, 0. E. who has given much in- 
vestigation to the problems of the magnetic circuit 
and especially to dynamo construction, is the orig- 
inator of this unit. He considered the regular C. 
G. S. line of force to be inconveniently small. He 
adopted as a line of force the equivalent of 6000 0. 
G. S. lines and as the unit of area one square inch. 
Therefore to reduce Kapp lines to regular lines of 
force they must be multiplied by 6000, and ordi- 
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nary lines of force must be divided by 6000 to obtain 
Eapp lines. These lines are often used by English 
engineers. The regular system is preferable and by 
notation by powers of ten can be easily used in all 
cases. 



CHAPTER X. . 
electeio railways. 

^ Sizes of Feeders. 

To calculate the sizes of feeders for a trolley line 
Eules 23, 24, and 25 in Chapter V. will be found use- 
ful in conjunction with the following ones: 

Ab Pot load at end of feeders: 

Rule 76* The cro««-«ectlon of tbe feeder in elr* 
eular mlla i« eaual to the product of 10.79 ttmes the 
current in an&perea timea the lenarth of the con* 
ductor in feet^ divided by the allo^wable drop in 
▼olta* 

Example. 

What should be the cross section of a feeder 3,000 
feet long carrying 90 amperes with 35 volts drop ? 

Solution: 3,000 X 90 X 10.79 = 2,913,300. Di- 
viding this by 35 gives 83,237 circular mils. This 
would correspond to a No. 1 wire, which has 83,694 
cir. mils area. 

All computations of this kind should be checked 
by table XVI. of current capacity on page 153 in 
order to be sure that the wire will not become heated 
above the allowable limit. 
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Eeferring the above example to this table, it is 
seen that a No. 1 wire will carry 80 amperes with a 
rise in temperature of 18° F., and 110 amperes with 
a rise of 36° F. Hence the current of 90 amperes 
will cause a rise of 24° F. This is calculated by 
simple proportion; subtracting 80 from 90 and from 
110 gives 10 and 30 as the respective differences and 
shows 90 to lie at just one-third the distance from 
80 to 110. Hence the resulting temperature rise 
will be at one-third the distance between 18° and 
36°. The difference between these last two figures 
is 18°, one-third of which is 6°. Add this 6° to 
18° gives us 24° F. as the answer. 

It is often desirable to compute the drop on a 
feeder carrying a given current; this is done by the 
following : 

Rnle 76. The drop in -rolta on any eondnctor is 
found by SKnltlplylnar togrether 10.79» tlie current In 
amperea and lt« lengrtli in feet, then dlTlde this 
product by Itm area in circular mil** 

Example. 
What is the drop on a feeder 2,800 feet long, of 
105,592 cir. mils area and carrying a current of 125 
amperes ? 

Solution: 10.79 X 1^5 X 2,800 = 3,776,500. 
Dividing this product by 105,592 gives 35.76 
volts drop. 

i. For a uniformly distributed load: 
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The eflPect of a uniform distribution of load along 
a main or trolley wire is the same as that of half 
the total current passing the full length of the wire; 
hence we require but half the cross-section needed to 
deliver the current at the extremity of the wire. 

This is readily done by substituting the constant 
5.4 in place of 10.79 in the foregoing rules. 

In designing electric railway circuits where the 
track forms the path for the return current the rails 
ehould be of ample area and well bonded, with an 
^xtra bare wire connected to the bonds and materially 
reducing the drop in the track circuit. 

Power to Move Cabs. 

At ordinary speeds on a level track in average con- 
dition it is safe to assume that the force necessary 
to move a car is 30 pounds per ton of weight of car. 

Rnle T7. To find tlie force reanlred to pnll of 
pniib a oar on a level track in aT-eragre condition^ 
multiply tbe 'weifflit of tlie car in tons by 80* 

Example. 

Find the force required to drag a car weighing 7 
tons on a level track. 

Solution : 7 X 30 = 210 lbs. Ans. 

Should it be required to find the force needed to 
start a car on a level, or to propel it when round- 
ing a curve, substitute the constant 70 in place of 
80 in the foregoing rule. 
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Example, 

What force is needed to start an 8 ton car on a 
level track? 

Solution: 8 X ''0 =^ 560 pounds. Ans. 

As the above does not take into account the speed 
of the car we shall have to add this factor in order 
to find the horse power needed to move it; we will 
also allow for the efficiency of the motors. 

Rule 78. To find tlie horae poTrer rea^ii^ed to moire 
a car alonar a leT-el track multiply toarctlier tlie diii- 
tance in feet traveled per mlniite and tlie force in 
ponnd* neceaaary to moT-e the car (a« fonnd b^ Rule 
77), and divide the reisnlt by 88,000 ttme* the ef- 
llfdency of the motor*. 

Example. 

What horse power is needed to propel a loaded car 
weighing 9 tons along a level track at the rate of 
800 feet per minute, with motors of 70 per cent, 
efficiency ? 

Solution : Force to move car is 9 X 30 = 270 
pounds. The product of 800 X 270 = 216,000 foot 
pounds per minute. Dividing this by 33,000 gives 
6.54 H. P.. required to propel the car. Dividing by 
the efficiency .70 gives 9.34 H. P. to be delivered to 
the motors. 

It will be noted in this solution that the quantity 
216,000 should, according to the rule, have been di- 
vided by the product of 33,000 times .70; it was. 
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however, divided by these two factors successively in 
order to show the difference between the power actu- 
ally moving the car and that supplied to the motors. 

In computing the power taken by a car ascending 
a grade the equivalent perpendicular rise of the car 
together with its weight in pounds have to be consid- 
ered in addition to the factors involved in the rule 
just preceding. 

Rule 79. To find tlie borae poTrer rea^ti^^cl to pro- 
pel a car up a arradey take tlie product of tlie 
perpendicular di«tance in feet ascended by tbe car 
in one minute multiplied by it« -weiarbt in pounds; 
to tbia add tbe product of tbe borisontal distance 
in feet traT-eled in one minute multiplied by tbe 
force in pounds required to propel tbe car; diT-ide 
tbiis sum by 83,000 times tbe efficiency of tbe mo- 
tors. 

N"ote. — The grade of a road or track is generally 
stated as being so many per cent. This means that 
for any given horizontal travel of a car its change of 
altitude when referred to a fixed horizontal plane is 
expressed as a certain percentage of the horizontal 
travel. For illustration; if a car while traveling 
horizontally 100 feet has a total vertical rise (or 
fall) of 7 feet, the incline on which it moves is 
termed a 7 per cent grade. 

Example. 

Find the electrical horse power taken by the motors 
of an 8 ton car to propel it up a 5 per cent grade at 
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a speed of 1,000 feet per minute, the motors having 
70 per cent efficiency. 

Solution: Perpendicular rise of car is 1,000 feet 
X .05 = 50 feet. Weight of car in pounds is 8 X 
2,000 = 16,000 pounds. Product of lift and weight 
is 50 X 16,000 = 800,000 foot pounds. Force re- 
quired to propel car is 30 X 8 = 240 pounds. Pro- 
duct of force and distance is 240 X 1,000 =240,000 
foot pounds. Sum of the two products is 800,000 -|- 
240,000 = 1,040,000 total foot pounds. 

Product of 33,000 by efficiency is 33,000 X .70 = 
23,100, Electrical H. P. is the quotient of 1,040,000 
-i- 23,100 = 45.021 H. P. Ans. 



CHAPXEE XL 

ALTEBNATING OUEEENTS. 

By far the greater part of calculations in the do- 
main of alternating currents lie in the realm of 
trigonometry and the intricacies of the calculus. 
On this account it is hoped that the following pres- 
entation of some of the simpler formulae may prove 
welcome to the craft. 

A current flowing alternately in opposite directions 
may be considered as increasing from zero to a 
certain amount flowing in, say, the positive direc- 
tion, then diminishing to zero and increasing to an 
equal amount flowing in the negative direction and 
again decreasing to a zero value. This action is 
repeated indefinitely. The sequence of a positive 
and negative current as just described is called a 
cycle. 

The frequency of an alternating current is the 
number of cycles passed through in one second. An 
alternation is half a cycle. That is to say, an alter- 
nation may be taken as either the positive or the 
negative wave of the current. 



116 ARITHMETIC OF ELECTRICITY. 

The frequency may be expressed not only in cycles 
per second but in alternations per minnte. 

Since one cycle equals two alternations we can 
interchange these expressions as follows : 

Rule 80. A. Havlnar arlven the cycles per second^ 
to find the alternatlonM per minute multiply the 
cycles per second by 120t B. HaTlnar arlven the al« 
ternatlons per minute, to find the cycles per second 
divide the alternations per minute by 120. 

Examples. 

If a current has 60 cycles per second, how many 
alternations are there per minute? 

Solution: 60X120 = 7,200 alternations. 

A current has 15,000 alternations per minute; 
how many cycles per second are there ? 

Solution: 15,000-7-120 = 125 cycles per second. 

A bipolar dynamo having an armature with but 
a single coil wound upon it (like an ordinary mag- 
neto generator) gives one complete cycle of current 
for every revolution of the armature. That is to 
say, its frequency equals the number of revolutions 
per second. A four-pole generator will have a fre- 
quency equal to twice the revolutions per second, etc. 

Rule 81. To find the frequency of any alternator, 
dlTlde the revolutions per minute by eo and multiply 
the quotient by the number of pairs of poles In the 
Held. 

Example. 
Find the frequency of a 16-pole alternator run- 
ning at 937.5 revolutions per minute. 
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Solution: 937.5 -f- 60 = 15.625 rev. per seconcL 
15.625 X 8 = frequency of 125 cycles per seconcL 

Electrical measuring instruments used on altemat* 
ing currents do not indicate the maximum volts or 
amperes of such circuits, but the effective values are 
what they show. These effective values are the same 
as those of a continuous current performing the 
same work. 

Rule 82. The mazliuiiiiui volts or amperes of an 
alternatinar current may be found by multlplylnir 
tbe average volts or amperes by 1.11. Reeiproeallyy 
the averaare valnes ean be fonnd by taking JTOf 
times the maxlmnm valnes. 

Note that these llffnres are strletly true onlT i09 
exactly slnnsoldal current* 



Example. 

Find the maximum pressure of an alteomaliilg 
current of 55 volts. 

Solution: 55 X l-H = 61.05 volts. Ans. 

Selp-Induotion". 

In an alternating current circuit the flow of a 
current under a given voltage is determined not 
only by the resistance of the conductor in ohms but 
also by the self-induction of the circuit. Suppose a 
current to start at zero and increase to 10 amperes in 
a coil of 1,000 turns of wire. This magnetizing 
force, growing from zero to 10,000 ampere-turns, 
surrounds the coil with Unes of force whose action 
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upon the current in the coil is such as to resist its 
increase. Conversely, when the current is decreas- 
ing from 10 amperes to zero, the lines of force 
change their direction and tend to prolong the flow 
of current. This opposing effect which acts on a 
varying or an alternating current is caller the counter 
E. M. F. or E. M. F. of self-induction and is meas- 
ured in volts. 

Rule 83. The SS. M. F. of Melf-lndnctlon of a grlven 
coll Is found by miiltlplirlnar together 12.5664, the 
total number of turns in the coil, the number of 
turns per centimeter lensrth of the coil, the sec- 
tional area of the core of the coll in savare centi- 
metersy the permeability of the mafirnetic circuit 
and the current ^ divide the resultinar product by 
lyOOO,000,OOOy multiplied by the time taJsen by the 
•arrent to reach its maximum value* 

Example. 

Find the volts of counter E. M. F. in a coil of 300 
turns wound uniformly on a ring made of soft iron 
wire, the ring having a mean circumference of 60 
centimeters and an effective sectional area of 25 
square centimeters; its permeability to be taken as 
200, and a current of 5 amperes in the coil requires 
.02 second to reach its maximum value. 

Solution: Product of 12.5664 X 300 X 5 X 25 
X 200 X 5 is 471,240,000. Product of 10' X .02 is 
20,000,000. Dividing the former product by the 
latter gives 23.562 volts. Answer. 

The coefficient of self-induction or, as it is more 
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frequently termed, the inductance of a coil, is meas- 
ured by the number of volts of counter E. M. P. 
when the current changes at the rate of one ampere 
per second. (Atkinson.) 

The unit of inductance is the henry. 

Rule 84. The Inductance of a <$oll Is found by 
mnltiplyinar toarether 12.66649 the total nnmber of 
tarns in the eolly the nnmber of tarns per centimeter 
lenarthy the sectional area of the core of the coll in 
sqnare centimeters^ and the permeability of the 
magnetic drcnlti dlTlde the resnltinar product by 

i;ooo,ooo,ooo. 

Example. 

Find the inductance of the coil specified in the 
preceding example. 

Solution: The factors are the same as before, 
omitting the current and time. Product of 12.5664 X 
300 X 5 X 25 X 200 is 94,»48,000. Dividing this 
by 1,000,000,000 gives the inductance .094248 
henrys. 

The E. M. P. of self-induction may be computed 
when the inductance, the current and the time taken 
for the current to reach its maximum are known. 

Rnle 8B. To find the B. M. F. of self-indnction 
dlTlde the product of the Indnctance and onrrent by 
the time of enrrent rise. 

Example. 

Using again the data of the foregoing examples, 
find the counter E. M. F^ the inductance being 



y 
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.094248 henrys, the current 5 amperes, and the time 
.02 second. 

Solution: 6 X .094248 = .47124; dividing this 
by .02 gives 23.562 volts, as before. 

Rule 86. Tbe resistance due to aelf-lndiiction 
eavals 6.2832 time* tbe product of tke frequency 
and tl&e indnctance. 

Example. 

Find the inductive resistance of a circuit whose 
frequency is 60 cycles per second and the inductance 
is .05 henry. 

Solution: 6.2832 X 60 X -05 = 18.8496 ohms. 
Ans. 

The time constant of an inductive circuit is a 
measure of the growth or increase of the current. 
It is the time required by the current to rise from 
zero to its average value. The average value of an 
alternating current is .634 times its maximum value. 
It must not be confused with its eflEective value, 
which is .707 times the maximum. 

The average value may be obtained by multiplying 
the eflEective value, as shown by instruments, by .897. 

Rnle 87. To find tlie time constant of a coll or 
elronlty divide Its Indnotance by lt» realatance. 

Example. 
What is the time constant of a coil whose induct^ 
ance is 3.62 henrys and resistance is 20 ohms. 
Solution : 3.62 -i- 20 = .181 second. Ans. 



CHAPTER XII. 

CONDENSERS. 

A condenser, though it will allow no current to 
pass through it, yet it will accumulate or store up 
a quantity of electricity depending on various factors 
which the following rules will show: 

Rule 88. The qnantlty stored eqnals the prodnet 
of the SS. BI. F* applied and the capacity of the 
condeiuier. 

% — BO. 

Rule 8B« The capacity of a condenser equals tkm 
quantity stored divided by the applied SS. BI. F. 



Rnle 90. The B. H. F. applied to a condenser equals 
the quantity stored dlTlded by Its capacity. 



The quantity stored in a condenser is measureS 
in coulombs (i. e., ampere-seconds) ; the E. M. P. 
in volts, and the capacity in farads. Condensers in 
practical use have, however, so small a capacity that 
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it is usually stated in microfarads and the qnantiiy 
in microcoulombs. 

Examples. 

A battery of 30 volts E. M. P. is connected to a 
condenser whose capacity is one half microfarad. 
What quantity of electricity will be stored? 

Solution: 30 volts X .0000005 farads = .000015 
coulombs. This solution could also be given direct- 
ly in micro-quantities, thus: 30 volts X V2 niicro- 
farad = 15 microcoulombs. 

A condenser is charged with 7.5 microcoulombs 
under an E. M. P. of 15 volts. What is its capacity? 

Solution: 7.5 microcoulombs -r- 15 volts = .5 
microfarad. Ans. 

What E. M. P. is required to charge a condenser 
whose capacity is .1 microfarad with 21 microcoul- 
ombs of electricity? 

Solution: 21 microcoulombs -7- .1 microfarad = 
210 volts. Ans. 

By connecting condensers in parallel the resulting 
capacity is the sum of their individual capacities. 
When they are connected in series the resulting capa- 
city equals 1 divided by the sum of the reciprocals 
of their individual capacities. It will be noticed that 
these laws of condenser connections are the inverse 
of those for the parallel and series connection of re- 
sistances. 
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When applying a direct current to a condenser, 
as in the above examples^ it flows until the increasing 
charge opposes an E. M. F. equal to that of the 
charging current. 

With an alternating current a charge would be 
surging in and out of the condenser, so that a real 
current will be flowing on the charging wires in 
spite of the fact that the actual resistance of a con- 
denser, in ohms, is practically inflnite. 

Rule 91. The alternatlnar current In a dronlt haTw 
Inar €sapaeity eaaals the product of 6^832, the fre* 
anencyy the capac^ity, and the applied Toltave* 

Example. 

Find the current produced by an E. M. F. of 50 
volts and a frequency of 60 cycles per second in a 
circuit whose capacity is 125 microfarads. 

Solution: The capacity 125 microfarads equals 
.000125 farads. 

6.2832 X 60 X .000125 X 50 = 2.3562 amperes. 
Ans. 

Rnle 92. The alternatlnar "Bl. M. F. reqnlred to be 
impressed npon a circuit of a ffiven capacity in 
order to prodnce a certain current is eqnal to the 
current divided by 6.2832 times the product of the 
capacity and the freauency* 

Example. 

Find the E. M. F. necessary to produce an alter- 
nating current of 50 amperes at 50 cycles per sec- 
ond in a circuit of 80 microfarads capacity. 

Solution: 6.2832 X .000080 X 50 = .0251328 
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Dividing the current 50 amp. by .0261328 gives 2,000 
volts, nearly. 

Since, in a condenser circuit, a real current flows 
under a given E. M. F., the circuit may be treated as 
though it was of a resistance such as would allow 
the given current to flow. 

Rule 93. The resistance due to capacity eanals 1 
dlTlded by the product of 6.2882, the freanency and 
the capacity, 

EXAMPLE. 

Find the capacily resistance of a circuit having a 
frequency of 60 cycles per second and a capacity of 
50 microfarads. 

Solution: 6.2832 X 60 X .000050 = .01885. 
1 -T- .01885 = 53 ohms, very nearly. 

By comparing this Rule 93 for capacity resistance 
with Rule 86 on page 120, which is for inductive re- 
sistance, it will be seen that they are mutually recip- 
rocal and hence the effect of capacity is directly 
opposite to that of self-induction and vice versa. 

It follows from this that it is possible, by the 
proper proportioning of the inductance and the 
capacity, to have their effects neutralized, and when 
this adjustment is effected the current will be con- 
trolled by the volts and ohmic resistance the same 
as if it were a direct current circuit. 

The impedance is the apparent resistance of an 
alternating current circuit 
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Rule 04. To find the Impedanee of a <slrciilt -wliose 
^liinic resistance can be nesrlected and -whicli has 
an inductance and a capacity in series, calcniate 
both the inductive resistance and the capacity re« 
■istanoei their dilEerence -will be the impedance* 

Example. 

Find the current produced by an alternating E. 
M. P. of 40 volts on a circuit of slight ohmic resist- 
ance whose capacity is 100 microfarads, the frequency 
being 60 cycles per second, and having in series an 
inductance of .02 henry. 

Solution: Inductive resistance is 6.2832 X 60 
X .02 = 7.42 ; capacity resistance is 1 -^ 6.2832 X 
60 X .000100 = 1 -H .0377 = 26.52. 

Impedance = 26.52 - — 7.42 = 19.1 ohms. 

Current, by Ohm's Law, = 40 -j- 19.1 = 2.08 am- 
peres. Ans. 



CHAPTER XIII. 

DEHOKSTBATIOH OF BXJLES. 

In the following chapter we give the demonstm* 
tion of some of the rules. As this is not within the 
more practical portion of the work, algebra is used 
in some of the calculations. It is believed that rules 
not included in this chapter^ if not based on experi- 
ment^ are such as to require no demonstration here. 

Bale 1 to 6, pages 13 and 14. Ohm's law was 
determined experimentally, and all the six forms 
given are derived by algebraic transposition from 
the first form which is the one most generally ex- 
pressed. 

Bole 8, page ] 9. This is simply the expression of 
Ohm's law as given in Rule 1, because in the case of 
divided circuits branching from and uniting again 
at common points, it is obvious that the difference 
of potential is the same for all. Hence the ratio as 
stated must hold. 

Bale 0, page 20. This rule is deduced from Rule 
8. It first expresses by fractions the relations of 
the current. Next these fractions are reduced to a 
common denominator, so as to stand to each other in 
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the ratio of their numerators. By applying the new 
common denominator made up of the sum of 
the numerators the ratio of the numerators 
is unchanged, and the ratio of the new fractions is 
the same as that of their numerators, while by this 
operation the sum of the new fractions is made 
equal to unity. Thus by multiplying the total cur- 
rent by the respective fractions it is divided in the 
ratio of their numerators, which are in the inverse 
ratio of the resistances of the branches of the circuit 
and as the sum of the fractions is unity, the sum of 
the fractions of the current thus deduced is equal to 
the original current. 

Role 10, page 22. Besistance is the reciprocal of 
conductance. By expressing the sum of the recip- 
rocals of the resistances of parallel circuits we ex- 
press the conductance of all together. The recipro- 
cal of this conductance gives the united resistance. 

Rule 11, page 22. This is a form of Sule 10. 
Call the two resistances x and y. The sum of their 
reciprocals isJ.+ J which is the conductance of the 
two parallel circuits or parts of circuits. Eeducing 
them to a common denominator we have: x + iL 

ay xy 

which equals ^^, whose reciprocal is ^q^. 

Rule 17, page 31. Taking the diameter of a wire 
as d, its cross sectional area is ^. The resistance 
is inversely proportional to this or varies directly 
with „ di~^ ^^w^* -^s the resistance of a conductor 
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Taries also with its length and specific resistance we 
have as the expression for resistance: 

8p. Bes. X 1.2787 X I 

Bole 18, page 32. Assume two wires whose 
lengths are I and l^ their cross sectional areas a and 
dj^y their specific resistances s and 8ij and their resis- 
tances r and r^. From preceding rules we have for 
each wire: r = a i (1) and ^i = «i ^ (2)- 
Dividing (1) by (2) we have: 

?:=7.x|:x?(3). (Day) 

If we take the reciprocal of either member of this 
equation and multiply the other member thereby it 
will reduce it to unity, or: 

For convenience this is put into a shape adapted 
for cancellation. 

Bale 20, page 38. This is merely the expression 
of Ohm's Law, Bule 3. 

Bale 22, page 40. Gall the drop e, the combined 
resistance of the lamps B, and the resistance of the 
leads X. Then as the whole resistance is expressed 
as 100 (because the work is by percentage) the differ- 
ence of potential for the lamps is 100 — e. By 
Ohm's law we have the proportion: 100-^ : a :: B : 
a? or 

*- lOO-e 

Bale S5| page 44. From Bule 22 we have: 
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Call the resistance of a single lamp r, then we 
have by Eule 12: 

^=^ (2) 

Substituting this value of E in equation (1) we 
have: 

*= nx(100-«) (3) 

Prom Eule 24 we have, calling the cross-section a: 

I X 10.79 

*= -F- (4) 

Substituting for x its value from equation (3) we 
have: 

^ I X 10.79 X n X (100-e) 

" -r ' (5) 

But as I expresses the length of a pair of leads, 
not the total length of lead but only one-half the 
total, the area should be twice as great. This is 
effected by using the constant 10.79 X 2 = 21.68 in 
the equation giving: 

I X 21.B8 X n X (100-c) 



a = 



er 



Rule 28, page 48. Assuming the converter to work 
with \00% efficiency (which is never the case), the 
watts in the primary and secondary must be equal 
to each other or: 

C^ E = Ci« Ej, and E = %r' Ri, 

or the resistances of primary and secondary are in 
the ratio of the squares of the currents. The direct 
ratio is expressed by the ratio of conversion, when 
squared it gives the ratio of the squares as required. 
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Rule 87, page 59. Let d = diameter of the wire in 
centimeters. The resistance of one centimeter of 

such a wire in ohms = Sp. Eesist. X 10"^ X ^. The 

specific resistance is here assumed to be taken in 
microhms. The quantity of heat in joules devel- 
oped in such a wire in one second is equal to the 
square of the current in C. G. S. units, multiplied 
by the resistance in C. G. S. units and divided by 
4.16 X 10^ the latter division effecting the reduc- 
tion to joules. 1 ohm = 10* C. G. S. units of re- 
sistance. Multiplying the expression for ohmic 
resistance by 10* we have: Sp. Eesist. X 10* X ^. 
1 ampere = lO-i C. G. S. unit. If we express the 
current in amperes we must multiply it by 10"*, in 
other words take one-tenth of it. Our expression 
then becomes for heat developed in one second 

/ o\« y Sp. ResJBt. X 10* X 4 
VIO/ » d« X 4.16 X lO' 

The area of one centimeter of the wire ib nd 
square centimeters. The heat developed per square 
centimeter is found by dividing the above expression 
hj nd giving: 



/S. \* y Sp. Resist. X 10* X 4 
VIO^ »« d» X 4.16 X 10» 



The heat developed is opposed by the heat lost 
which we take as equal to tAz per square centimeter 
per degree Gent, of excess above surrounding me- 
dium. Therefore taking t'' as the given tempera* 
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tare cent, we may equate the loss with the gain 
thas: 

V* _ /_£ \" X Sp Resist. X 10* X 4 
4000 ~ \10) »« d» X 4.16 X 10^ 

_ c« X Sp. Resist. X 10* X 4 X 40000 

»« X 4.16 X 10^ X t° * 

c* X Sp. Resist. X .00089 

B«ie5i, page 69. Call the external resistance r; 
number of cells n; resistance of one cell R; E. M. 
F. of one cell E; E. M. F. of outer circuit e. 
Then from Ohm's law we have: 

nE 



which reduces to: 



but r = tf . 



c = 



n = 



n = 



nB-\-r 


Cr 


E—OB 


e 



(1) 

(2) 



E — Ci2 (3) 

Rule 54, page 72. This rule is deduced from the 
following considerations. The current being con- 
stant the work expended in the battery and external 
circuit respectively will be in proportion to their 
differences of potential or E. M. F's. But these 
are proportional to the resistances. Therefore the 
resistance of the external circuit r should be to the 
resistance of the battery E as efficiency: 1 — effi- 
ciency or r : E :: efficiency : 1 — efficiency or 

^ = ^^"eSS^^"^ - ^^® ^^^^ ^^ *^® ^^^® ^® deduced 
from Ohm's law. 
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Rule 57, page 74. This rule gives the nearest ap- 
proximation attainable without irregular arrange- 
ment of cells. By placing some cells in single series 
and others two or more in parallel^ an almost exact 
arrangement for any desired efficiency can be ob- 
tained. Such arrangement are so unusual that it is 
not worth while to deduce any special rule for 
them. Thus taking the example given on page 
74 the impossible arrangement of 1.4 cells in 
parallel and 63 in series would give the desired 
current and efficiency. The same result can 
be obtained by taking 72 cells in 36 pairs with a re- 
sistance of 36 X A = 3 ohms, and adding to them 
27 cells in series with a resistance of 27 X ^ «- 4J 
ohms, a total of 7i ohms. The B. M. P. is equal to 
(36 + 27) X 2 = 126 volts. The total cells are 
72 + 27 = 99. 

Rule 68, page 76. One coulomb of electricity lib- 
erates from an electrolyte .000010384 gram of 
hydrogen. This has been determined experimen- 
tally. Let H be the heat liberated by the chemical 
combining weight of any body combining with 
another. H is taken in kilogram calories. Hence it 
follows that for a quantity of the substance equal to 
.000010384 gram X chemical combining weight, the 
heat liberated will be equal to H X .000010384, 
which corresponds to a number of kilogram meters 
of work expressed by .000010384 X H X 424. The 
work done by a current in kilogram-meters ss 



4 « 
« » « 
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Toite x^c^uiomb, ^^ f^^ ^^^ coulomb = ^^. This ex. 

presses the work done by one coalomb. Let the 
volts = Ey and equate these two expressions: 

^ = .000010384 X H X 424, 

which reduces to 

E - H X .043. 

Role 61, page 78. For the work (in kilogram- 
meters) done by a current (volt-coulombs) we have 
the general expression: 

--- ToltB X cou lombs ^« E Q 

^^ m — ^^m (1) 

Making W "* 1 (i. e. one kilogram-meter) and 
transforming, we have, as the coulombs correspond- 
ing to 1 kilogram-meter: 

^ 9.81 

^= -W (2) 

One coulomb of electricity liberates a weight (in 
grams) of an element equal to the product of the 
following: .000010384 X equivalent of element in 
question X number of equivalents -*- valency of the 
element. Therefore, the coulombs corresponding 
to one kilogram-meter, liberates this weight multi- 
plied by ~ or, indicating weight by G, 

Q .000010884 X equlv. X number eqiiir. y 9.81 

valency E (3) 

but .000010384 X 9.81 = .000101867. 

^_ equir. X n X .000101807 

Ex valency (4) 



. . 



Bai« 78, page 98-99. The voltage of an armature of 



_ • • • V • 

■ • « • • 

, • ♦ •• • 



DEMONSTRATION OF RULES. 185 

a definite number of turns of wire and a fixed speedy 
varies with the lines included within its longitu- 
dinal area, as such lines are cut in every revolution. 
These lines vary with its area, and the latter varies 
with the square of its linear dimensions. 

To maintain a constant voltage if the size is 
changed, the number of turns must be varied in- 
versely as the square of the linear dimensions. 
This ensures the cutting of the same number of 
lines of force per revolution. 

If, therefore, its size is reduced from a? to j the 
turns of wire must be changed from x to aia. The 
relative diameters of the two sizes of wire is found 
by dividing a similar linear dimension by the rela- 
tive size of the wire. But | "^ ^ ~ ^ = diameter of 
the wire for maintenance of a constant voltage with 
change of size. 

The capacity of a wire varies with the square of 
its diameter and (^y =« |;. 

Therefore the amperage, if a constant voltage is 
maintained, will vary inversely as the sixth power of 
the linear dimensions of an armature. 



CHAPTER XIV. 

NOTATION IN POWEES OF TEN. 

This adjunct to calculations has become almost 
indispensable in working with units of the C. G. S. 
system. It consists in using some power of 10 as a 
multiplier which may be called the factor. The 
number multiplied may be called the characteristic. 
The following are the general principles. 

The power of 10 is shown by an exponent which 
indicates the number of ciphers in the multiplier. 
Thus 10* indicates 100; 10» indicates 1000 and so 
on. 

The exponent, if positive, denotes an integral 
number, as shown in the preceding paragraph. The 
exponent, if negative, denotes the reciprocal of the 
indicated power of 10. Thus 10"* indicates t4t; 10"* 
indicates niW and so on. 

The compound numbers based on these are re- 
duced by multiplication or division to simple expres- 
sions. . Thus: 3.14 X 10^= 3.14 X 10,000,000 = 
31,400,000. SA^X10-^ = ^^^or^^^^^^. Ee- 

gard must be paid to the decimal point as is done 
here. 
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To add two or more expressions in this notation 
if the exponents of the factors are alike in all re- 
spects^ add the characteristics and preserve the same 
factor. Thus: 

(51 X W) + (64 X 10« )= 105 X 10«. 
(9.1 X 10^) + (8.7 X 10^) = 17.8 X 10^. 

To subtract one such expression from another^ 
subtract the characteristics and preserve the same 
factor. Thus: 

(54 X W) - (51 X W) = 3 X W. 

If the factors have different exponents of the 
same sign the factor or factors of larger exponent 
must be reduced to the smaller exponent, by factor- 
ing. The characteristic of the expression thus 
treated is multiplied by the odd factor. This gives 
a new expression whose characteristic is added 
to the other, and the factor of smaller exponent is 
preserved for both. 

Thus: 

(5 X 10^) + (5 X 10») = (5 X 10^) + (5 X 100 X 
10^ = 505 X 10^ 

The same applies to subtraction. Thus: 

(5 X 10») - (5 X 100 = (5 X 100 X IOt) - (5 X 
10^ = 495 X 10^ 

If the factors differ in sign, it is generally best to 
leave the addition or subtraction to be simply ex- 
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pressed. However by following the above rule it 
can be done. Thus: 

Add 5 X 10-* and 5 X 10». 

5 X 10« = 6 X 10* X 10-« : (5 X 10« X lO"*) + (5 X 
10-«) = 600006 X 101 This may be reduced to a 

fraction ^= 5000.06. 

To multiply add the exponents of the factors, for 
the new factor, and multiply the characteristics for 
a new characteristic. The exponents must be added 
algebraically: that is, if of different signs the numer- 
ically smaller one is subtracted from the other one, 
its sign is given the new exponent. 

Thus: 

(25 X 1(f) X (9 X 108) = 225 X 10". 
(29 X 10-*) X (11 X 10^) = 319 X 10-^ 
(9 X 10«) X (98 X 10^) = 882 X 10^ 

To divide, subtract (algebraically) the exponent 
of the divisor from that of the dividend for the ex- 
ponent of the new factor, and divide the character- 
istics one by the other for the new characteristic. 
Algebraic subtraction is effected by changing the 
sign of the subtrahend, subtracting the numer- 
ically smaller number from the larger, and giving 
the result the sign of the larger number. (Thus to 
subtract 7 from 5 proceed thus: 5 — 7 = —2.) 

Thus: 

(25 X 1(f) -♦■ (5 X 1(f) = 5 X 10-* 
(28 X 10^ •*■ (5 X 10*) = 5.6 X 10-". 
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IL-EQTTITALENTS OF UNITB OF ABBA. 



t 


Sqnare 
Millimeter 


Square 
Centimet*r 


Circular 
MU. 


Square 
MIL 


Square 
Inch. 


Squan 
Foot 


Bqnare Minimeter 


1 


0.01 


1978.6 


1660.1 


.00166 


.0000108 


Square Centimeter 


100 


1 


197,861 


166,007 


.166007 


.C0107C 


tarcoIarMn. 


.000607 


.0000061 


1 


.78540 


8X10-' 




Square Mil. 


.000645 


.0000065 


1.2788 


1 


.000001 




Square Inch 


646.182 


6.461 


1,278,288 


1,000,000 


1 


.006944 


fiqnara Foot 


«^,8»8.9 


928.989 
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1 



m.- 


12QTTTVJ 


mTRTTB 


OF TJIOTS OF VOLUMB. 






Cubic 
Inch 


Fluid 
Ounce 


Gallon 


Cubic 
Foot 


Cubic 
Yard 


Cu. Cen- 
timeter 


liter 


Cnbie 
Meter 


Cubic Inch 


1 


.664112 


.004829 


.000678 




16.8862 


.016886 




Fluid Oz. 


1.80469 


1 


.007812 


.001044 




29.6720 


.029672 




Gallon 


281 


128 


1 


.188681 


.00495 


8786.21 


8.78621 


.008786 


Cubic Ft 


1728 


967.606 


7.48062 


1 


.087087 


28816.8 


28.8168 


.028815 


Cubic Yd. 


46,666 


26,862.6 


201.974 


27 


1 


764,606 


764.605 


.764606 


Cu. Centl. 


.061027 


.088816 


.000264 


.000086 




1 


.001 


.000001 


liter 


61.027 


88.8160 


.264189 


.086817 




1000 


1 


.001 


On. Meter 


61027 


88816 


264.189 


86.8169 


1.8080 




1000 


1 
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iv.— EQxnvALEisrrs of ttstis of weight. 





GraJn. 


Troy 
Ounoe. 


Pound 
Avs. 


Ton. 


Mim- 

gram. 


Gram. 


Kilo- 
gram. 


Metrio 
Ton. 


Gndn 


1 


.020888 


.000148 




64.799 


.064799 


.000066 




TroyOonoe 


480 


1 


.068641 




81,108.6 


81.1086 


.081104 




PonndAvB. 


7,000 


14.6888 


1 


.000447 




468.698 


.468698 


.000464 


Ton 




82,666.6 


2240 


1 






.001016 


1.01605 


Hmigram 


.015482 


.000082 


.000002 




1 


.001 


.000001 




Gram 


16.4828 


.082161 


.002206 




1000 


1 


.001 


- 


Eflognxn 


16,482.8 


82.1607 


2.20462 


.000984 


1,000.000 


1000 


1 


.001 


Metric Ton 




82,160.7 


2204.62 


.98421 




1,000,000 


1000 


1 
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T.— BQUIYAUEBTB 01* UMITB 





Brg. 


Meg. 

erg. 


Gnun-de- 
greeO. 


Kilogrun- 
degreeO. 


Found' 
dfigreeO. 


Found- 
degree F. 


Erf. 


1 


.000001 










Veff.^MTg. 


1,000,000 


1 


.024068 


.000024 


.000068 


.000095 


{kam-degree 0. 


/ 


41.6487 


1 


.001 


.002206 


.006968 


Kilognm-degreeG. 




41,648.7 


1000 


1 


2.2046 


8.9668 


Pound-degree 0. 




18,846.6 


468.60 


.46860 


1 


1.8 


Found-degree F. 




10,470.1 


261.996 


.261996 


KKKKKM 

.000000 


^ 


Wfttt^eoond. 


10» 


10 


.24068 


.000241 


.000681 


.000966 


Qram-oentimeter. 


981 


.000981 


.0000286 








Kflognm-mettr. 


W.IXIO* 


98.1 


2.86108 


.002861 


.006206 


.009870 


Foot-Fonnd. 




18.6026 


.826426 


.000826 


.000720 


.001296 


Hone-Power-Sec 
English. 




7469.48 


179.486 


.179486 


.8967 


.71248 


^[orse-Power-Sec. 
Metric. 




7867.6 


177.076 


177.076 


.890676 


.70276 
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OV SNEB6T AND WOBK. 



Bacond. 


Gram- 
Ceiitim*1r. 


Kitognun- 
meter. 


Foot- 
pound. 


Horse- 
power- 
second 
English. 


Horse- 
power- 
second 
Metric. 




10-» 


.001019 










ag. 


.1 


1019.87 


.010194 


.078784 


.000184 


.000186 


Heg^eig. 


4.16487 


42,868.6 


.428686 


8.06866 


.00667 


.006647 


Qnun-degree 0. 


4164.87 




428.686 


8068.56 


6.67 


6.64706 


Eflognun-dfigreeG. 


1884.e6 




192.114 


1889.6 


2.62658 


2.66149 


Foond-degree 0. 


1047.08 




106.780 


772 


1.40864 


1.42806 


Poond-degree F. 


1 


10,198.7 


.101987 


.787887 


.0018406 


.0018602 


Wfttt-Seoond. 


.000098 


1 


.00001 


.000079 






Gnon-Oentimetsr. 


9.81 


100,000 


1 


7.28828 


.018162 


.018884 


Kflflgnun-meter. 


1.86C86 


18,826.8 


.188268 


1 


.0018182 


.001848 


Foot-Found. 


T46.948 




76.0692 


660 


1 


1.01888 


Horse-Power-See. 

English. 


786.75 




76 


642.496 


.986866 


1 


Horse*Power4eo. 
Metria 
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TL— TABLE OF BPEOIFIO BESIBTANGEB IS MICROHMS AS]> 
OF COEFFICIENTS OF SPECIFIC RESISTANCES OF METAIfl. 



Annealed Silyer 

HardSayer 

Annealed Copper. . . . 

Hard Copper 

Annealed Gold. ..... 

Hard Gold 

Annealed AlununnmM 

Compressed Zlno .... 

Annealed Platinmn. . 

" Iron 



Bpedflo 

Beslst- 

ance.Mi 



Coeffi- 
cients of 



ince.jm- gp. ges. 
croluns. "^ 



1.621 
1.653 
1.616 
1.602 
2.081 
2.118 
9.M5 
6.689 
9.168 
9.826 



.9412 
1.0228 
1.0000 
1.0228 
1.2877 
1.8107 
1.8224 
8.6204 
5.6671 
6.0798 



Annealed Nickel .... 

Compres'dTln 

^ Lead.... 
*' Antimony 
** Blsmath . 

Ltonld Mercory 

2 Sliver, 1 Platinum. 

Oerman Silver 

2 Gold, 1 Silver.... 



Bpedflc 
Eesist- 
ance. Mi- 
crohms. 



12.60 
18.86 
19.85 
86.90 
182.70 
99.74 
24.66 
21.17 
10.99 



Coeffl. 
dents of 
Sp. Bea. 



7.7970 
8.2678 
12.2884 
22 2168 
82.1170 
61.7208 
15.2699 
18.1002 
6.8008 



fiFBCIFIO BESISTANCB OF SOLUTIONS AND LIQUIDS. 

MAmmwHUN Am) othxbs. 



Names of Soliitioiia. 


Temper- 
ature 
Centi- 
grade. 


Temper- 
ature 

Fahren- 
heit 


Spedfie 

Beststanoe. 

Ohma. 


Copper Sulphate, concentrated 


9« 


48.20 


29.82 


** with an equal volume of water 


*i 


(* 


46.64 


** with ihtee volumes of water 


*« 


«« 


77.68 


Common Salt, concentrated 


180 


66.40 


6.98 


" with an equal volume of water . . 


M 


ii 


6.00 


•• with two volumes of water. . . 


C( 


(« 


9.24 


** with three volumes of water. . 


*l 


*. 


11.89 


23nc Sulphate, concentrated 


140 


67.20 


28.00 


** with an equal volume of water . . 


K 


•( 


22.76 


** with two volumes of water 


•( 


•< 


29.75 


Sulphuric Add, concentrated 


14.80 


67.80 


6.83 


*• 60.6)(, Spedflo Gravity 1.898. . . 


14.6'* 


68.10 


1.086 


" 29.6j<, Specific Gravity 1.216. . . 


12.80 


64.60 


.88 


•• 123( Specific Gravity 1.080... 


12.8« 


66.00 


1.868 


Nitric Add, Spedfic Gravity 1.86 (Blavler) .... 


140 


67.20 


146 


U M M M 


240 


76.ao 


tss 


DlstlDed Water, (Temp*tare unknown) (Pouillet) 


983. 



146 



VIL^BELATIVB BESI8TAN0B AND OONDTTOTANCB OF PUBS 
OOPPEB AT DIFFEBENT TEMFEBATUBBS. 



Il 


|l 


Oo 


82» 


1 


88.8 


2 


85.6 


8 


87.4 


4 


89.2 


6 


41 


6 


42.8 


7 


44.6 


8 


46.4 


9 


48.8 


10 


m 


11 


61.8 


IS 


68.6 


18 


66.4 


14 


67.8 


16 


69 



BelattTe 
Beaiatance. 



1. 

1.00681 

1.00766 

1.01186 

1.01616 

1.01886 

1.0228 

1.02668 

1.06048 

1.08486 

1.08822 

1.04210 

1.04699 

1.0499 

1.06881 

1.06774 



BelatiTe 
Oondnetanoe 



1. 



.99620 

.9926 

.98878 

.98608 

.98189 

.97771 

.97406 

.97042 

.96679 

.96819 

.96960 

.96608 

.96247 

.94898 

.94641 



2 • 
16' 


Temperature 
Fahrenheit 


60.8« 


17 


62.6 


18 


64.4 


19 


66.2 


20 


68. 


21 


69.8 


22 


71.6 


28 


78.4 


24 


76.2 


26 


77. 


26 


78.8 


27 


80.6 


28 


82.4 


29 


84.2 


89 


86. 



BelatiTe 
BesiBtanoe. 



1.06168 
1.06668 
1.06969 
1.07866 
1.07764 
1.08162 
1.08668 
1.08964 
1.09866 
1.09769 
1.10162 
1.10667 
1.10972 
1.11882 
1.11786 



BelatiTe 
Condaetance 



.9419 

.98841 

.98494 

.98148 

.92804 

.92462 

.92120 

.91782 

.91446 

.9111 

.90776 

.90448 

.90118 

.89784 

.89467 



TttL-AHXEIOUI TmK SATTSl TABIA 
troBrntUmlOappfitWin: BpedOo SnTltr, 8.318 ; Bpeome OondiictlTl^, l.T«B it TIK V. 
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QL-OHEMIOAL AND THEBMO-OHEMIOAL EQUTVALENTB. 

FoBMATioir or Oxmas. 



Name of Oompoimd. 



Water... 

Iron Protoxide. . 
Iron Seeqoioxide 

^cOxiae 

Copper Oxide. . 
Mercoiy Oxide. . 







Chemical 


Combin- 


Formnk. 

1 
f 


Valency. 


Equiv- 
alents. 


ing 
Wel^ita. 


H8 


II 


18 





FeO 


II 


72 


86 


FeSOS 


III 


160 


68.8 


ZnO 


II 


81 


406 


CnO 


II 


70.4 


80.7 


H«0 


II 


216 


108 



Thermo- 

CheminU 

Equir- 

alents. 

84.5 

84.5 

81.0x8 

48.2 

10.2 

16.5 







FoBMATioN or 


Saltb. 








Name of 
Baae. 


Va- 
lenqy. 




Hitratea 


Bnl- 
phatea 


Chlo- 
ridea 


Cya- 
nides. 


Iron 


n 


FOBMVLA. 

Chemical EgnivalaitB 

Combining' Welgrhts 

Thermo-Chemical Eqaiy'lta 


Fe(N0«)« 

00 
18.0 


Fe804 
186 
68 
12.6 


FeClS 
127 
68.6 
<0 


FeOvi 

66 

8.2 


Zlno 


n 


Formula 

Chemical EquiyalentB 

Combining weights 

Thermo-Qiemical Eqniy'lts 


Zn(N08)« 

04.6 
0.8 


ZnS04 

161 
80.6 
11.7 


ZnCls 
186 
68 
66.4 


ZnCyt 

117 
68.6 
7.8 


Copper 


11 


FOBXITLA. 

Chemical Eqniyalenta ... 

Combining Weights 

Thermo-Chemical Eqaiy'lta 


0u(N03)8 
187.4 
08.7 
7.6 


Ou804 
160.4 
70.7 
0.2 


CuCU 

184.4 

67.2 

81.8 


CuCyl 
126.4 
62.7 
7.8 


Mercury 


n 


FounrLA. 

Chemical Equivalents 

Combining weights 

Thermo-Chemical Equlvnts 


162 
7.6 


HgS04 
280 
140 
0.2 


HgClS 

186.6 
0.46 


126 
16.6 
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X.— OHHBaOAL AND ELBOTBO-OHEMIOAL EQUIYALEHTS. 



Kama 



Hfdrogen 

Gold 

Bflver 

Copper (Caprie) 

Meronzy (Mercario). . . 
*' (MercnrbiiB).. 

Iroii(ftirTle) 

•* (HUTOOS) 

irickel 

Zinc 

Lead 

Oxygen 

Chlorine 



BymbolB 



H 

An 

Ag 

Ou„ 

Hg.. 

Hg. 

Fo... 

Fe,. 
Ki 
Zn 
Pb 
O 
CI 



Yalen- 
dea 



Chemical 
Equiyalenta 



I 

III 
I 

n 

I 

in 
II 
II 
II 
II 
n 
I 



1 

196.6 
108 

68 
200 
200 

66 

66 

69 

66 
207 

16 

86.6 



Combining 
Wfiighta 



1 

66.6 
108 

81.6 
100 
200 

18.7 

28 

29.6 

82.6 

108.6 

8 

86.6 



Electio- 

Chemioal 

Eqnlyalenta 



.0106 
.6877 

1.184 
.8807 

1.06 

2.10 
.1964 
.294 
.8098 
.8418 

1.0868 

.064 

.8728 



XI.— MAGNETIZATION AND MAGNETIC TBACTION. 



B 


B, 


Dynea 


Grammea 


Kilogra. 


Ponndi 


Uneaper 


LineAper 


per 


per 


per 


per 


BQ. cm. 


sq. in. 


aq. oentlm. 


aq. oentlm. 


aq. cenlim. 


sq. Inoh. 


1,000 


6,460 


89,790 


40.66'^ 


.0466 


.677 


2,000 


12,900 


169,200 


162.8 


.1628 


2.808 


8,000 


19,860 


868,100 


866.1 


.8661 


6.190 


4,000 


26,800 


686,600 


648.9 


.6489 


9.228 


6,000 


82,260 


994,700 


1,014 


1.014 


14.89 


6,000 


88,700 


1,482,000 


1,460 


1.460 


20.76 


7,000 


46,160 


1,960,000 


1,987 


1.987 


28.26 


8,000 


61,600 


2,647,000 


2,696 


2.696 


86.96 


9,000 


68,060 


8,228,000 


8,286 


8.286 


46.72 


10,000 


64,600 


8,979,000 


4,066 


4.066 


W.68 


11,000 


70.960 


4,816,000 


4,907 


4.907 


69.77 


12,000 


77,400 


6,780,000 


6,841 


6.841 


88.07 


18,000 


88,860 


6,726,000 


6,866 


6.866 


97.4T 


14,000 


90,800 


7,800,000 


7660 


7.660 


118.1 


16,000 


96,760 


8,968,000 


9,124 


9.124 


129.T 


16,000 


108,200 


10,170,000 


10,890 


10.89 


147.T 


17,000 


109,660 


11,600,000 


11,720 


11.72 


166.6 


18,000 


116,100 


12,890,000 


18,140 


18.14 


186.B 


19,000 


122,660 


14,680,000 


14,680 


14.68 


208.1 


10,000 


129,000 


16,920,000 


16,280 


16.28 


880P 

"i 
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Xn.— PEBMEABHITT OF WSOUOHT Ain> OABT XROS, 

BQITASa OEHTXHim ICBASITSEMSNT. 



Annealed Wrooglit kon. 


Gray Cast Iron. 


B 


M 


H 


B . 


M 


H 


6,000 

9,000 
10,000 
11,000 
12,000 
18,000 
14,000 
16,000 ' 
16,000 


8,000 

2,260 

2,000 

1,692 

1,412 

1,088 

828 

626 

820 

161 

90 

64 

80 


1.66 
4 
6 

6.6 
8.6 
12 
17 

28.6 
60 
106 
200 
860 
666 


4,000 
6,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 


800 

600 

279 

188 

100 

71 

68 

87 


6 

10 

21.5 

42 

80 
127 
183 
292 


17,000 








18,000 
19,000 


•• •••••••■ 






20,000 



















BQUAILB IKOH JCHASUBmonrT. 






Annealed Wrought Iron. 


Gray Caat Iron. 


B. 


//. 


H. 


B. 


M' 


H. 


80,000 
40,000 
60,000 
60,000 
70,000 
80,000 
90,000 


4,660 

8,877 

8,081 

2,169 

1,921 

1,409 

907 

408 

166 

76 

86 

27 


6.6 
10.8 
16.6 
27.8 
86.4 
66.8 
99.2 
246 
664 
1,681 
8,714 
6,186 


26,000 
80,000 
40,000 
60,000 
60,000 
70,000 


768 
766 
268 
114 
74 
40 


82.7 
89.7 

166 

489 

807 
1,480 


100,000 








110,000 








120,000 








180,000 








140,000 










1 
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FEBMSABUJTr OV SOFT OHABOOAL WSOUOHT IBOV 

(BHSUTOBD BUIWBjL.) 

aqoAMM Gmnmrm xMABumm. 





B 


M 


H 






T,890 


1890.1 


8.9 






11,660 


1181.4 


10.8 






16,4m 


886.4 


40 






17,880 


160.7 


116 






18,470 


88.8 


808 






19,880 


46.8 


487 






19,830 


88.9 


686 







> 


B. 


M' 


H. 


47,414 


1897 


26.0 


74,104 


1122 


66.1 


99,191 


888 


266 


111,189 


160 


788 


118,604 


88.8 


1886 


124,021 


46.8 


2740 


127,166 


88.9 


8768 



Bofh In lines of foroe. 



B -• Magnetio Flux. 

H -• Magnetizing Foroe, 

fi'^Ti^^ Penneabflity or multiplying power of the oort. 



J 
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XIIL-MA0NETIO BELUOTANOE OF AIB BETWEEN TWO PARALLEL 

OYLDTDEBS OF IBON. 



6 








p 
Batlo of least 


G>NTDfSTSB UhITB. 


Ikoh TTirin. 


dlBtanoe apart 








to drcomferenoe. 








0.1 


.1964 


6.1066 


0.0771 


12.968 


0.8 


.2707 


8 6917 


0.1066 


9.8n 


0.8 


.8261 


8.0768 


0.1280 


7.816 


0.4 


.8688 


2.7168 


0.1460 


6.897 


0.6 


.4046 


2.4716 


0.1698 


6.278 


0.6 


.4861 


2.2988 


0.1717 


6.886 


0.8 


.4887 


2.0466 


0.1924 


6.198 


1.0 


.6816 


1.8807 


0.2098 


4.777 


1.9 


.6684 


1.7996 


0.2288 


4.671 


1.4 


.6007 


1 6646 


0.2866 


4.888 


1.6 


.6289 


1.6902 


0.2476 


4.089 


1.8 


.6641 


1.6287 


0.2676 


8.888 


8.0 


.6774 


1.4764 


0.2667 


8.760 


4.0 


.8867 


1.1968 


0.8290 


8.040 


6.0 


.9819 


1.0782 


0.8669 


8.786 


8.0 


1.0047 


.9968 


0.8966 


8.688 


10.0 


1.0644 


.9484 


0.4161 


8.409 



In thlB table in oohmuu 8 and 8 the Unit length of a (^linder la taken aa 1 centt- 
meter ; in oolonms 4 and 6 aa 1 Indh. p — droaniilBrenoeofc3rllnder & — shorteat 
flstanoe apart 



XIV.-TABLB OF 6TH BOOTS. 



Num- 
ber 


Sixth 
Boot 


Number 


Sixth 
Boot 


Num- 
ber 


Sixth 
Boot 


Number 


Sixth 
Boot 




.60866 




.96820 


14 


1.0177 


If 


1.0978 




.T071T 




.96860 


U 


1.0192 


U 


1.1019 




.78806 




.97006 


1* 


1.0226 


1« 


1.1068 




.74186 




.97468 


U 


1.0260 


If 


1.106T 




.76478 




.97798 


U 


1.0808 


If 


1.1107 




.T9870 




.98036 


U 


1.0879 


If 


1.1119 




.88868 


A 


.98268 


H 


1.0491 


lA 


1.1189 




.80090 






1* 


1.0)99 


8 


1.1887 




.98468 






If 


1.0888 


• 


A ■ \ 
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XY.-8TABDABD ASD BIRMIXr OHAM WIBB OAUGEa. 





SlAVDAKIk. 


% 


BlBMOraHAM. 


Number of 
Gauge. 


Diameter 
in Mils. 


Square of 
Diameter or 
ClroTr Mils. 


Number of 
Gauge. 


Diameter 
in Mils. 


Kquare of 
Diameter of 
ClrcTr Mils. 


0000000 


500 


250000 


0000 


454 


906116 


000000 


464 


215296 


. 000 


495 


180626 


00000 


489 


186824 


00 


880 


144400 


0000 


400 


160000 





840 


115600 


000 


879 


188884 


1 


800 


90000 


00 


848 


121104 


9 


984 


80656 





824 


104976 


8 


259 


67081 


1 


800 


90000 


4 


288 


56644 


s 


976 


76176 


5 


220 


48400 


8 


959 


68504 


6 


908 


41209 


4 


989 


58824 


7 


180 


82400 


5 


919 


44944 


8 


165 


27225 


6 


199 


86864 


9 


148 


21904 


T 


176 


80976 


10 


184 


17956 


8 


160 


25600 


11 


120 


14400 


» 


144 


20786 


12 


109 


11881 


10 


198 


16884 


18 


095 


9025 


U 


116 


18456 


14 


088 


6889 


19 


104 


10816 


15 


079 


5184 


18 


092 


8464 


16 


066 


4225 


14 


080 


6400 


17 


058 


8864 


15 


079 


5184 


18 


049 


2401 


16 


064 


4096 


19 


049 


1764 


17 


056 


8186 


20 


085 


1225 


18 


048 • 


2804 


21 


089 


1024 


19 


040 


1600 


99 


028 


784 


80 


086 


1296 


98 


025 


625 


91 


089 


1024 


94 


029 


484 


89 


028 


784 


26 


020 


400 


88 


024 


576 


96 


018 


894 


84 


022 


484 








85 


020 


400 








86 


018 


824 











1 

1 


i! 


ssisssassss 




i 


liSSSaSsssa 


y 


k 


ggasgssesas 




i 


^§SS8i38SS3S 


k 


IP 






"1 


t 


iiiiSllliii 1 


§ 


* 


tiiiasiiiii i 


P 


k 


iSiiSliiigl 1 


I 


• 


iisiiississ i 




i 


i 


i ■i 



Tbeae tables wiu be found 



for quickly flndlngr the 



IB and hundreds dlEiU of the oi 



a values foi 
select a voltSKC l-IO or ti 
suit by 10 ocTlO. Thus; 
-' " 'M-S-ia h,_ g^ multlplr by 1-10, 



<n liifhtiuff ftnd power clrcui' 



,.. wewlll 

re computed to three fitniree 
ing purposee. 

or lower than lu the tables, 
required, and multiply the re- 



h, p.; 



volts, take 9 amp. < 



^Xo read lu kilowatts plaoe a decimal point before the watts wtieo 
less than 1,000 in value, or substitute it for the comma lu tlie lareer 

HOBSB FOWBB AT TAHIOUS PBBSSDItBS AND 0UBBBHT9. 



":&■, 



9 AKD CURRBNTS. 





m„,^ 


ilOTolla. 


£20 volts. 


-^I 


■WattB. 


"ii 


"3 


'.& 


Watts. 
2«D 


■■■.& 










.U3 


440 


M»0 


8 




.8W 


930 


.815 


680 


J8S 


4 




1.07 


840 


113 


881 


1.18 








-"■l 




1,100 








liei 




IM 


1,88) 




T 




.68 




.97 


1.M0 


2.06 


» 




.14 




S.2S 


1.™ 


3.30 


« 








53 


1,880 




10 










2aoo 




SO 




.38 




:« 


4.400 


6.S0 


80 




8.04- 




846 


0,800 


8.86 


40 










8, an 


11.B 


60 




18.4 




14a 


11.000 




00 




ie.1 




18.9 


1B.2O0 


17> 


TO 




18.8 




1B.7 


16.100 


20.8 


SO 


i6|go» 






28.5 


17,800 


£8J) 


90 


IS-OOtt 


841 




2ft.8 


wsoo 




ino 


80,0011 


28.B 




28.8 


28 000 


286 


an 


40,000 


B3.e 




W.3 


44,000 


B9.0 


30O 


tW,0(IO 










88.5 


«0 


80,000 






118 


88.000 




500 


ino.o(fl 






1*1 


iiaoco 


m 


000 


ia),a» 






lat 


132.000 


177 




l«l,tOD 






197 


154,000 


208 




leoooo 


3H 






ijSooo 


23S 


9H} 


180.000 


Ul 






198.000 


£85 


1.0-0 


200.000 


asB 


' * 


288 


220.000 


295 





SBOYOlto. 


BJOvolta. 


ISO volts. 


Amn 


"'B 


"^S 


"nsj 


h.p. 


Watta 


'i 








480 






.era 




60D 


Ibm 








1.01 


1 


.!«, 


1.38 

IS 


,.i 

1,440 

LfBU 






13 

i 


10 






g.400 








a) 




bIit 


4.800 








80 




9.«S 


7,2W) 








40 




U.3 


•,000 








SO 














«0 






1 44011 








70 




8L8 


16 800 








eo 




U.T 


iB.a» 








m 






El ,600 








«o 


) 


i 


»,(ioa 

48'000 








xo 


) 


02.5 


78, OCX) 








KO 


08,000 


va 


«e,(a) 




00,000 




Km 


llAOOO 




lEO.noo 








eoo 


138.000 




1M,000 




60,000 




TOO 


lai.ooo 




188.000 




75.0 




800 


181.000 




ma 000 


2as 


aixooo 






EOT.00O 


B7T 


sia.oiw 








1,000 


£30.000 


808 


240,000 


3sa 


aoiooo 


S8t 



H0B8B POWBB AT VARIOUS PSBSSUBBS AMD CCBBBNTEB. 

(OonMntwd.) 



INDEX. 



Altbbnatiho cnrrent sys- 
tem 47-49 

Alternating currents .... 115 
Amperage of armature. . . 99 

Ampere 11-12 

Ampere-second 57 

Ampere-turns 87 

Ampere-turns, rules for 

calculating 87 

Armature amperage of, on 

short circuit 99 

Armature calculations. .99-103 
Armature, capacity of . . . . 99 
Armature, general fea- 
tures of 96 

Armature, resistance of . . 98 
Armatures, rules for cal- 
culating 98-99 

Armature, voltage of . . . . 99 
Armature winding iron or 
copper 96 

Bbidob, Wlieatstone, prin- 
ciple of 25 

Batteries, illustrations of 
arrangements 66 

Batteries or generators in 
opposition 15 

batteries, storage, resist- 
ance of. 65 

Battery arrangement and 
size for given ef&ciency. 73 

Battery, arrangement of 
cells in 67 

Battery calculations, dis- 
crepancies in 72 

Battery, chemicals con- 
sumed in 78 

Battery constants 65 

Battery, current of 68 

Battery, effective rate of 
work of 77-78 



Batteryi efficiency, to cal- 
culate 72 

Battery, electromotive 
force of 67 

Battery, how rated 65 

Battery, resistance of . . . . 67 

Battery, to calculate cur- 
rent and arrangement . 69-72 

Battery, to calculate its 
voltage 76-77 

Battery, work of. 77-78 

Calobib, gram and kilo- 
gram, defined 64 

Calorie, relation to watts 

and ergs 54-55 

Capacity of armature 

winding 97 

Cars, power to move .... Ill 

Cell constants 65 

Chemicals consumed in a 

battery 78 

Circuits, divided, branched 

or shunt 19-25 

Circuits, portions of. . . .17-19 
Circuits, single conductor, 

closed 14-15 

Circular mils calcula- 
tions 44-45 

Circular mils 43-45 

Condensers 121 

Conductance 86-37 

Conductors of same mate- 
rial 26 

Conductors, resistance of 

different 26 

Contact, area of In elec- 
tro-magnets and arma- 
tures 86 

Convection and radiation, 

loss of heat by 58 

Conversion, ratio of 47 
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INDEX. 



Converters, rule for wind- 
ing 49 

Cores of field-magnet, to 
calculate 104 

Counter-electromotive force 
of plating-bath 80 

Current, battery required 
for a given 69-72 

Current, distribution in 
parallel circuits 20-21 

Current, its heating effect 
and energy 50 

Currents passed by 
branches of a circuit. • 19 

Current, work of 60 

Current yielded by a bat- 
tery 65 

Definitions^ general 9 

Demonstrations of rules. 127 

Derived units » 10 

Dimensions, units of 10 

Drop of potential in 

leads 38-41 

Drum type closed circuit 

armatures 98-99 

Duty and commercial ef- 
ficiency 63-64 

Duty of generators 63 

EJffkctivh E. M. F 16 

Efficiency, its relation to 
resistances 64 

Efficiency of generators, 
commercial 64 

Efficiency of generators, 
electrical 63 

Efficiency, to calculate 
battery for a given . . 73-74 

Electrical railways 109 

Electro-magnets and dy- 
namos 82 

Electro-magneta, general 
rules for 85 

Electro-magnets, to mag- 
netize 86-87 

Electro-magnets, traction 
of 85-86 

Electromotive force of 
battery 67 

Electro - plating calcula- 
tions 79 

Energy defined 9 

Energy in circuit, rules 
for determining 50-53 

Energy of current 50-53 



E. M. F.» its meaning. . . 10 
E. M. F., primary and sec- 
ondary 47 

Erg 54 

FoBCB defined 9 

Force, magnetic 84 

Fundamental units 10 

Field-magnet cores, to cal- 
culate 104 

Field-magnet for dynamo 

or motor 104-107 

Field, unit intensity of 
magnetic 82-83 

GBNBBA.TOBS, efficiency of, 

63-64 
Generators or batteries in 
opposition 15 

Hbat, absolute quantity in 

circuit 64 

Heating effect of current, 

50-53 

Heat, specific 57 

Horse-power, electrical . . 61 
Horse - power, reduction 

from kilogram-meters. . 60 
Horse-power, to calculate 
for lamps 62 

Joule, his law of heating, 

effect of currents 50 

Joule or gram-calorie. ... 54 

Eapp, Gisbert, his line of 

force 107-108 

Kilogram-meters 60 

Leads, tapering in size. . 41-42 
Leakage between cylindri- 
cal magnet leg, to cal- 
culate 91 

Leakage between fiat mag- 
net surfaces, to calcu- 
late 91 

Leakage of lines in a mag- 
netic circuit 95 

Leakage of lines of force. 89 
Line of force, Kapp's.. 107-108 

Lines of force 82 

Lines of force cut per sec- 
ond for one volt 06 

Lines of force, leakage of. 89 
Lines of force, to diminish 
leakage of 94-95 
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Magnetic circuit ....... 84 

Magnetic circuit calcula- 
tions 88-89 

Magnetic circuit, the law 

of 85 

Magnetic circuits, four 

parts of 8o 

Magnetic circuits, general 

calculations for 92 

Magnetic field 82-83 

Magnetic flux 82-83 

Magnetic force 84 

Magnetic potential, aver- 
age difference of 90 

Magnetism, no insulator of 84 
Magnetizing force- ...*... 87 
Magnet legs, long and 

short 94 

Mass defined 9 

Metals, deposition of, by 

battery J9 

Mho, unit of conductance 36 
Mil, circular, calculations 
based on 44-45 

Mils, circular 43 
lis, circular, applied to 
alternating current ... 48 
Multiple arc connections, 
to calculate 38-42 

Nbutbal wire in three 

wire system 46 

Notation in powers of ten 136 

Ohm 11-12 

Ohm's law 13-25 

Ohm's law, its universal 

application 14 

Ohm's law, six expres- 

slons of 13-14 

Parallel connections of 

equal resistance 23 

Parallel leads, resistance 

of 22 

Permeance 83-84 

Permeability 85 

Permeability, average 

range of 104 

Potential, diagram for cal- 
culating fall of ^41 

Potential difference 38-42 

Potential difference, drop, 

or fall of 17 

Potential, drop of in ^^^^\oa<) 



Power to move cars Ill 

Powers of ten, notation in 136 

Primary B. M. P 47 

Proving armature calcula- 
tions 103 

Radiation and convection, 

loss of heat by 58 

Railways, electric 109 

Rate of heat-energy, units 

of 63 

Ratio of conversion 47 

Reluctance 83-84 

Reluctance, calculation of. 87 

Resistance 26-35 

Resistance and efficiency, 

how related 64 

Resistance defined 9 

Resistance of battery .... 67 
Resistance of circuit, note 

relative thereto 14 

Resistance of parallel 

leads 22-23 

Resistance referred to 
weight of conductor. . .35-36 

Resistance specific 29 

Resistances, two in bat- 
tery circuits 65 

Resistance, universal rule 

for 31-32 

Rules, demonstrations of. 127 

Safbtt-catchbs for fuses, 

how calculated 59 

Secondary E. M. F 47 

Self-induction 117 

Series winding for dyna- 
mos 106 

Shunt circuits 19 

Shunt circuits, resistance 

of 22 

Shunt winding for dyna- 
mos 107 

Sizes of feeders 109 

Space defined 9 

Specific heat 57 

Specific resistance 30-31 

System, alternating ttir- 

rent 47-49 

Systems, special 46-49 

System, three wire 46-47 

Tables — 

American wire gauge 
table 146 
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Tables — C<mttnued, 

Chemical and electro- 
chemical equiyalents . . 148 

Chemical and ther mo- 
chemical equivalents . . 147 

Current capacity of hare 
or insulated overhead 
wires 153 

Equivalents of units of 
area 140 

Equivalents of units of 
energy and work . . . 142-148 

Equivalents of units of 
length 139 

Equivalents of units of 
volume 140 

Equivalents of units of 
weight 141 

Magnetic reluctance of air 
between two parallel 
cylinders of iron 151 

Magnetization and mag- 
netic traction 148 

Permeability of soft char- 
coal wrought iron .... 150 

Permeability of wrought 
and cast iron 140 

Relative resistance and 
conductance of pure 
copper at different tem- 
peratures 146 

Sppclflc resistance of solu- 
tions and liquids 144 

Standard and Birmingham 
wire gauges 152 

Table of specific resist- 
ances In microhms and 
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of coefficients of specific 

resistances of metals . . 144 
Table of the sixth roots. . 151 

Three wire system 48 

Three wire system, saving 

in size of wires 46 

Three wire system, the 

neutral wire 46 

Time defined. 9 

UnitSj concrete statement 

of 12 

Units, fundamental 10 

Units, original and de- 
rived 10 

Volt 10-12 

Voltage of battery, to cal- 
culate 76-77 

Volt amperes 56-60 

Watt 56-60 

Watts and horse power 
tables for various pres- 
sures and currents. . . . 154 

Weight defined 9 

Weight of conductor, re- 
sistance referred to . . . 35-36 
Wheatstone bridge, prin- 
ciple of 25 

Winding, series and 

shunt 106-107 

Wire, rule for heating of, 

by a current 59 

Work defined 9 

Work of current 60 
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GOOD, USEFUL BOOKS 



AUTOMOBILES AND MOTORCYCLES 

MODERN GASOLINE AUTOMOBILE^ ITS DES- 
SIGN, CONSTRUCTION AND REPAIR By Victor 
W. Pag£. The most complete, practical and up-to-date 
treatise on gasoline automobiles, explaining fully all princi- 
ples pertaining to gasoline automobiles and their component 
parts. It contains the latest and most reliable information 
on all phases of automobile construction, operation, mainte- 
nance and repair. Every part of the automobile, its equipment, 
accessories^ tools, supplies, spare parts necessary, etc, are 
fully discussed. It is clearly and concisely written by an 
expert familiar with every branch of the automobile industry. 
It is not too technical for the layman nor too elementary for 
the more expert, and is right up-to-date and complete in 
every detail. New Edition just published. 5yix7}i- Cloth, 
816 pages, 575 illustrations, 11 folding plates. Prioe^ f 2fi.50 



QUESTIONS AND ANSIVERS RELATING TO 
MODESRN AUTOMOBILE CONSTRUCTION, DRIV- 
ING AND REPAIR. By Victor W. Pag*. A practical 
self -instructor for students, mechanics and motorists, con- 
sisting of thirty-six lessons in the form of questions and 
answers, written with special reference to the requirements 
of the non-technical reader desiring easily understood ex- 
planatory matter relating to all branches of automobiling. A 
popular work at a popular price. 5^x7}4. Cloth. 622 
pages, 392 illustrations, 3 folding plates. Price. 91 'SO 

THE MODEL T FORD CAR, ITS CONSTRUC- 
TION, OPESRATION AND REPAIR. By Victor W. 
Pag6. This is a complete instruction book. All parts of the 
Ford Model T Car are described and illustrated; the construc- 
tion is fully described and operating principles made clear to 
everyone. Every Ford owner needs this practical book. 1915 
Edition. 75 illustrations. 200 pages. Large folding plate. 

Price, f l.OO 

MOTORCYCLES, SIDES CARS AND CYCLE- 
CARS, THESIR CONSTRUCTION, MANAGEMBNT 
AND RBPAIR. By Victor W. Pao*. The only com- 
plete work published tor the motorcyclist and c^clecarist. 
Describes fully all leading types of machines, their design, 
construction, maintenance, operation and repair. 550 pages. 
350 specially made illustrations, 5 folding plates. fTl.SO 

GASOLINES ENGINES TROUBLES MADE EASY. 

Arranged by Victor W. Pag£. A chart showing clearly 
all parts of a typical four-cylinder gasoline engine oi 
the four-cycle type. It outlines distinctly all parts liable to 
give trouble, and also details the derangements apt to inter* 
fere with smooth engine operation. It simplifies the location 
of all engine troubles* Size 24 x 38 inches. Price, 25 centa 
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liUBRIGATION OF THB MOTOR CAR CHAS- 
SIS, 'ihis chart presents the plan view of a typical six 
cylinder chassis of standard design and all parts are clearly 
indicated that demand oil» also the frequency with which they 
must be lubricated and the kind of oil to use. A practical 
chart for all interested in motor car maintenance. Size 
24x38 inches. Price, 25 centa 

BIOTORCYCLR TROUBLES MADE BASY. A 

chart showing sectional view of a single cylinder gasoline 
engine. Compiled by Victor W. Pag^, M. E. This chart 
simplifies location of all power plant troubles. A single cyl- 
inder motor is shown for simplicity. It outlines distinctly 
all parts liable to give trouble and also details the derange- 
ments apt to interfere with smooth engine operation. This 
chart will prove of value to all who have to do with the 
operation, repair or sale of motor cycles. No details omitted. 
Size 30x20 inches. Pri<se» 25 cents 



BALLOONS AND FLYING MACHINES 

MODE2L BALLOONS AND FLYING MACHINBS, 
mriTH A SHORT ACCOUNT OF THE PROGREiSS 
OP AVIATION. By J. H. Alexander. This book has 
been written with a view to assist those who desire to con- 
struct a model airship or flying machine. It shows the 
working drawings of five different sized machines. A short 
account of the progress of aviation is included, which ren- 
ders the book of great interest Several illustrations of full 
sized airship and flying machines of the latest types are 
shown. This practical work gives data, working drawings 
and details which will assist materially those interested in 
the problems of flight. 127 pages, 45 illustrations, 5 folding 
plates. Priee, ^1.50 

BRAZING AND SOLDERING 



BRAZING AND SOLDBRING. By James F. 

HoBART. The only book that shows you just how to handle 
any job of brazing or soldering that comes along; it tells 
you what mixture to use. how to make a furnace if you 
need one. ^ Full of valuable kinks. The fifth edition of this 
book has just been published, and to it much new matter 
and a large number of tested formulas for all kinds of 
solders and fluxes have been added. Illustrated. 25 cents 



CHARTS 



GASOLINB BNGINR TROUBLES MADB EASY 
— A CHART SHOIVING SECTIONAL VIEIV OF 
GASOLINE BNGINE. Compiled by Victor W. PAci. 
It shows clearly all parts of a typical four-cylinder gasoline 
engine of the four-cycle type. It outlines distinctly sill parts 
liable to give trouble and also details the derangements apt 
to interfere with smooth engine operation. This sectional 
view of engine is a complete review of all motor troubles. 
It is prepared by a practical motorist for all who motor. No 
details omitted. Size 25x38 inches. Vriee, 25 centa 



liUBRICATION OF THB MOTOR OAR CHAS- 
SIS. This chart presents the plan view of a typical six c^I* 
inder chassis of standard design and all parts are clearly m* 
dicated that demand oil, also the frequency with which they 
must be lubricated and the kind of oil to use. A practical 
chart for all interested in motor car maintenance. Size 
24x38 inches. Price, 26 centa 

MOTORGYGIiB TROUBLES MADE BASY— A 
CHART SHOIVING SECTIONAL VIEIPT OF SIN- 
GLE CYLINDER GASOLINE ENGINE. Compiled by 
Victor W. Pag£. This chart simplifies location of all power 
plant troubles, and will prove invaluable to all who have to 
do with the operation, repair or sale of motorcycles. No 
details omitted. Size 25 x 38 inches. Price, 25 cents 

MODERN SUBMARINE CHART— HITITH 200 
PARTS NUMBERED AND NAMED. A cross-section 
view, showing clearly and distinctly all the interior of a 
submarine of the latest type. No details omitted — everything 
is accurate and to scale. This chart is really an encyclo- 
pedia of a submarine. Price, 25 centa 

BOX CAR CHART. A chart showing the anatomv of 
a box car, having every part of the car numbered and its 
proper name given in a reference list. Price, 25 centa 

GONDOLA CAR CHART. A . chart showing the 
anatomy of a gondola car, having every part of the car 
numbered and its proper reference name given in a refer- 
ence list Price, 25 centa 

PASSENGER CAR CHART. A chart showing the 
anatomy of a passenger car, having every part of the car 
numbered and its proper name given in a reference list. 

Price, 25 centa 

STEEL HOPPER BOTTOM COAL CAR. A chart 
showing the anatomy of a steel hopper bottom coal car, 
having every part of the car numbered and its proper name 
given in a rezerence list. , Price, 25 centa 

TRACTIVE POTTER CHART. A chart whereby 
you can find the tractive power or drawbar pull of any loco- 
motive without making a figure. Shows what cylinders are 
equal, how driving wheels and steam pressure affect the^ 
power. What sized engine you need to exert a given draw- 
oar pull or anything you desire in this line. 50 cents 

HORSE POTTER CHART. Shows the horse power 
of any stationary engine without calculation. No matter 
what the cylinder diameter of stroke, the steam pressure or 
cut-off, the revolutions, or whether condensing or non-con- 
densing, it's all there. Easv to use, accurate and saves time 
and calculations. Especially useful to engineers and de- 
signers. Price, 50 centa 

BOILER ROOM CHART. 67 Geo. L. Fowlbk. A 
chart — size 14 x 28 inches — showing in isometric perspective 
the mechanisms belonging in a modern boiler room. This 
chart is really a dictionary of the boiler room — the names 
of more than 200 parts being given. Price, 25 centa 



CIVIL KNQINBBRINO 



HBNIiBY'S tiSNCYGLOPBDIA OF PRAGTICAI< 
BNGINBBRING AND AI<IiIBD TRADES. Edited 
by Joseph G. Horner, A.M.I.M.E. This set of five volumes 
contains about 2,500 large quarto pages with thousands of 
illustrations, including dia^ammatic and sectional drawings 
with full explanatory details. This^ work covers the entire 
practice of civil and mechanical engineering. As a work of 
reference it is without a peer. ^o.OO per single volume. 
For complete set of five yolumes, Piioe^ ^25.00 



COKE 



COKB— MODESRN COKING PRACTICES | IN- 
CLUDING THB ANALYSIS OF MATERIALS 
AND PRODUCTS. By T. H. Byrom and J. E. Christo- 
PHER. A handbook for those engaged in coke manufacture 
and the recovery of by-products. Fully illustrated with fold- 
ing plates. Pricey f 8.50 net 

COBdPRBSSED AIR 



COMPRRSSRD AIR IN ALL ITS APPLICA- 
TIONS. By Gardner D. Hiscox. This is the most com- 
plete book on the subject of air that has ever been issued, 
and its tiiirty-five chapters include about every phase of the 
subject one can think of. It may be called an encyclopedia 
of compressed air. It is written b^ an expert, who, in its 
665 pages, has dealt with the subject in a comprehensive 
manner, no phase of it being omitted. Orer 500 illustra- 
tions. Fifth Edition, revised and enlarged. Cloth bound, 
^5.00. Half Morocco, Priee^ f 6.50 

This is the standard work on this important subject 



CONCRETE 



CONCRETB TTALL FORMS. By A. A. Hottghton. 
A new automatic wall clamp is illustrated with working 
drawings. Other types of wall forms, clamps, separators, 
etc., are also illustrated and explained. Prlcet 50 eenta 

concrete: FLOORS AND SIDB'WALKS. By 

A. A. Houghton. The molds for molding squares, hexagonsu 
and many other styles of mosaic fioor and sidewalk blocks 
are fully illustrated and explained. Pricsey 50 eenta 

PRACTICAL CONCRETE SILO CONSTRUC- 
TION. By A. A. Houghton. Complete working drawings 
and specifications are given for several styles of concrete 
silos, with illustrations of molds for monolithic and block 
silos. The tableii, data, and information presented in this 
book are of the utmost value in planning and constructing 
all forms of concrete silos. Price, 50 cento 
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MoiiDnra cottcrbtb bath tubs, aquar- 
iums AlCD ICATATORIUMS. By A. A. Houghton. 
Simple molds and instruction are given for molding differ- 
ent styles of concrete bath tubs, swimming pools, etc. 

Pricey 50 centa 

MOIiDIlCG CONCRBTB CHIMNBTS, SI<ATB 
AND ROOF TILiESS. By A. A. Houghton. The manu- 
facture of all types of concrete slate and roof tile is fully 
treated. Valuable data on all forms of reinforced concrete 
roofs are contained within its pages. The construction of 
concrete chimneys b^ block and monolithic systems is fully 
illustrated and described. A number of ornamental designs 
of chimney constructioii with molds are shown in this 
valuable treatise. Prlce^ 50 cento 

MOIiDING AND CURING ORNAMBNTAIi CON- 
CREiTES. . By A A Houghton. The proper proportions 
of cement and aggregates for yarious finishes, also the meth- 
ods of thoroughly mixing and placing in the molds, are fully 
treated. An exhaustive treatise on this subject that every 
concrete worker will find of daily use and value. 

Piiccy 50 centa 

CONCRBTE3 MONUMBNTS, MAUSOIiRUMS AND 
BURIAL VAULTS. By A A. Houghton. The mold- 
ing of concrete monuments to imitate the most expensive 
cut stone is explained in this treatise, with working draw- 
ings of easily built molds. Cutting inscriptions and designs 
is also fully treated. rrlccy 60 cents 

GONGRBTR BRIDGBSy CUIilTBRTS AND SBIV- 
BRS. By A A. Houghton. A number of ornamental con- 
crete bridges with illustrations of molds are given. A col- 
lapsible center or core for bridges, culverts and sewers it 
fully illustrated with detailed instructions for building. 

Piiccy 60 centa 

CONSTRUCTING CONCRBHTB PORCHBS. By 

A A. Houghton. A number of designs with workinp^ draw- 
ings of molds are fully explained so any one can easily con- 
struct different styles of ornamental concrete porches with- 
out the purchase of expensive molds. Priccy 50 cento 

UrOIiDING CONCRBTB FliO'WBR POTS, 
BOXBS, JARDINIBRBSy BTC. Bv A. A Houghton. 
The molds for producinp^ many original designs of flower 
pots, urns, flower boxes, jardinieres, etc., are fully illustrated 
and explained, so the worker can easily construct and operate 
ntme. Price, 50 centa 

MOLDING CONCRBTB FOUNTAINS AND 
LA'WN ORNAMENTS. By A A Houghton. The 
molding of a number of designs of lawn seats, curbing, hitch- 
ing posts, pergolas, sun dials and other forms of ornamental 
concrete, tor the ornamentation of lawns and gardens,* is 
fully illustrated and described. Price, 60 centa 

CONCRBTB FOR THB FARM AND SHOP. By 

A. A Houghton. The molding of drain tile, tanks, cis* 
terns, fence posts, stable floors, hog and poultry houses and 
all the purposes for which concrete is an invaluable aid to 
the farmer are numbered among the contents of this handy 
volume. Price, 50 centa 
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OON^GRBTB FROM SAND MOLDS. By A. A 

Houghton. A practical work treating on a process which 
has heretofore been held as a trade secret by the few who 
possessed it, and which will successfully mold every and any 
class of ornamental concrete work. Tne process of molding 
concrete with sand molds is of the utmost practical value, 
possessing the manifold advantages of a low cost of molds, 
the ease and rapidity of operation, perfect details to all orna- 
mental desigrns, density and increased strength of the con- 
crete, perfect curing of the work without attention and the 
easy removal of the molds regardless of any undercutting 
the design may haye. 192 pages. Fully illustrated. Cloth. 

Price^ f 2.00 

ORlCAMBICTAIi CONGRBTES TTITHOUT 
MOLDS. By A A. Houghton. The process for making 
ornamental concrete without molds has long been held as a 
secret, and now, for the first time, this process 'is given to 
the public. The book reveals the secret and is the only 
book published which explains a simple, practical method 
whereby the concrete worker is enabled, by employing 
wood and metal templates of different designs, to mold or 
model in concrete any cornice, archivolt, column, pedestal, 
base cap, urn or pier in a monolithic form — right upon the 
job. These may be molded in units or blocks, and then 
built up to suit the specifications demanded. This work is 
fully illustrated* with detailed engravings. Cloth. 

Price, fa.OO 

POPULAR HANDBOOK FOR CEMBNT AND 
GONGRESTB USERS. By Myron H. Lewis. Everything 
of value to the concrete user is contained, including kinds 
of cement employed in construction, concrete architecture, 
inspection and testing, waterproofing, coloring and painting, 
rules, tables, working and cost data. The book comprises 
thirty-three chapters. A valuable addition to the library of 
every cement and concrete user. Cloth, 430 pages, 126 illus- 
trations. Price, 92.50 

TTATKRPROOFING GONCRBTB. By Mykon H. 
Lewis. Modern methods of waterproofing concrete and other 
structures. A condensed statement of the principles, rules 
and precautions to be observed in waterproofing and damp- 

f roofing structures and structural materials. Paper binding. 
Uustrated. Second Edition. Price, 50 centa 



DIES—METAL WORK 

PUNGHES, DIES AND TOOLS FOR MANUFAG- 
TyRING IN PRESS SBS. By J. V. Woodworth. An 
encyclopedia of die-making, punch-making, die-sinking, sheet- 
metal working, and making of special tools, subpresses, de- 
vices and mechanical combinations for punching, cutting, 
bending, forming, piercing, drawing, compressing, and assem- 
bling sheet-metal parts and also articles of other materials 
in machine tools. This is a distinct work from the author's 
book entitled "Dies; Their Construction and Use." 500 
pages, 700 engravings. Second edition. Cloth. ^ ^^ 

Price, ^4.00 
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DIES, THBIR CONSTRUCTIO?r ATTD USB FOR 
THE MODERN TTORKIBTG OF SHEET METALS. 

Py J. V. WooDWORTH. A new book by a practical man, for 
those who wish to know the latest practice in the working 
of sheet metals. It shows how dies are designed, made and 
used, and those who are en^ged in ^ this line of work can 
secure many valuable suggestions. Fifth edition. 505 illus- 
trationsy 384 pages. Cloth. Price, f 3.00 

DROP FORGING, DIE-SINKING AND MA- 
CHINE-FORMING OF STEEL. By J. V. Woodworth. 
The processes of die-sinking and force-making, which are 
thoroughly described and illustrated in this admirable work, 
are rarely to be found explained in such a clear and con- 
cise manner as is here set forth. The process of die-sink- 
ing relates to the engraving or sinking of the female or lower 
dies, such as are used for drop forgings, hot and cold 
machine forging, swedging and the press working of metals. 
The process of force-making relates to the engraving or 
raising of the male or upper dies used in producing the lower 
dies tor the press-forming and machinfc-forging of duplicate 
parts of metal. The book contains eleven chapters, and the 
information contained in these chapters is just what will 
prove most valuable to the forged-metal worker. All opera- 
tions described in the work are thoroughly illustrated by 
means of perspective half-tones and outline sketches of the 
machinery employed. 300 detailed illustrations. 339 pages, 
cloth. Price, f 2.50 

DICTIONARIES 



STANDARD EliECTRICAL DICTIONARY. By 

T. O'CoNOR Sloane. A practical handbook of reference con- 
taining definitions of about 5,000 distinct words, terms and 
phrases. The definitions are terse and concise and include 
every term used in electrical science. Recently issued. 
Twelfth Edition. 682 pages, 393 illustrations. Price, f 3.00 

DRAWING — SKETCHING PAPER 

I^INEAR PERSPECTIVE SELF-TAUGHT. By 

Herman T. C. Kraus. This work fl^ives the theory and 
practice of linear perspective, as used in architectural, engi- 
neering and mechanical drawings. The arrangement of the 
book is good; the plate is on the left-hand, while the descrip- 
tive text follows on the opposite page, so as to be readily 
referred to. The drawings are on sufficiently laree scale to 
show the work clearly and are plainly figured. The whole 
work makes a very complete course on perspective drawing. 
Cloth. Price, f 2.50 



SELF-TAUGHT MECHANICAL DRAINING 
AND ELEMENTARY MACHINE DESIGN. By F. 

L. Sylvester, M.E., Draftsman, with additions by Erik 
Oberg, associate editor of ''Machinery.*' A practical ele- 
mentary treatise on Mechanical Drawing and Machine De- 
sign, comprising the first principles of geometric and mechan- 
ical drawing, workshop mathematics, mechanics, strength of 
materials and the calculation and design of machine details, 
compiled for the use of practical mechanics and young 
draftsmen. 330 pages, 215 engravings, cloth. Price, f 2.00 

9 



A ICBTT SKBTCHIBTG PAPER. A new specially 
ruled paper to enable you to make sketches or drawings in 
isometric perspective without any figuring or fussing. It is 
being used for shop details as well as for assembly drawings, 
as it makes one sketch do the work of three, and no work- 
man can help seeing just what is wanted. Pads of 40 sheets, 
6x9 inches. Price, 26 cents 

9 X 12 inches, Pxice, 60 centa 

12 X 18 inches* Prtoe^ f 1.00 

PRAGTICAIi PE3RSPBCTITB. By Ricrasds and 
CoLViN. Shows just how to make all kinds of mechanical 
drawing^ in the only practical perspective isometric. Makes 
ever3rthing plain so tnat any mechanic can understand a 
sketch or drawing in this way. Saves time in the drawing 
room and mistakes in the shops. Contains practical exam- 
ples of yarious classes of work. Third edition. Limp 
cloth. Price, 50 cents 



ELECTRICITY 



ARITHMETIC OF BI.BCTRIOITY. By Prop. T. 
O'CoNOR Sloans. A practical treatise on electrical calcula- 
tions of all kinds reduced to a series of rules, all^ of the 
simplest forms, and involving only ordinary arithmetic; each 
rule illustrated by one or more practical problems with de- 
tailed solution of each one. This book is classed amon^ the 
most useful works published on the science of electricity, 
covering as it does the mathematics of electricity in a man- 
ner that will attract the attention of those who are not 
familiar with algebraical formulas. 160 pages. Twentieth 
edition. Cloth. Price, 91.00 

DYITABIO BUILDING FOR AMATEURS, OR 
HOIV TO CONSTRUCT A FIFTY 'WATT DY- 
NAMO. By Arthur J. Weed. A practical treatise show- 
ing in detail the construction of a small dynamo or motor, 
the entire machine work of which can be done on a small 
foot lathe. Dimensioned working drawings are gpven for 
each piece of machine work, ana each operation is clearly 
described. This machine, when used as a djrnamo, has an 
output of fifty watts; when used as a motor it will drive a 
smaU drill press or lathe. It can be used to drive a sewing 
machine on any and all ordinary work. The book is illus- 
trated with more than sixty original engravings showing the 
actual construction of the different parts. 

Price, paper bindinvy 50 cent«| Cloth, fl.OO 

ELECTRIC TTIRING^ DIAGRAMS AND 
STITITCHBOARDS. By Newton Harrison. This is the 
only complete work issued showing and telling you what you 
should know about direct and alternating current wiring. It 
is a ready reference. The work is free from advanced tech- 
nicalities and mathematics, arithmetic being used throughout. 
It is in every respect a handy, well-written, instructive, com- 
prehensive volume on wiring tor the wireman, foreman, con- 
tractor or electrician. 272 pages, 105 illustrations. Cloth. 

Price, f 1.50 
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COMMUTATOR CONSTRUCTION. By Wm. Bax- 
ter, Jr. The business end of any dynama or motor of the 
direct current type is the commutator. This book goes into 
the designing, building and maintenance of commutators, 
shows how to locate troubles and how to remedy them; 
everyone who fusses with dynamos needs this. Fourth edi- 
tion. Price, 25 cents 

BliRCTRIC FURNACRS AND THEIR INDUS- 
TRIAL APPLICATIONS. By J. Wright. This is a 
book which will prove of interest to many classes of people; 
the manufacturer who desires to know what product can be 
manufactured successfully in the electric furnace, the chem- 
ist who wishes to post himself on the electro-chemistry, and 
the student of science who merely^ looks into the subject 
from curiosity. 288 pages. Fully illustrated, cloth. 

rrice, fS.OO 

BLRCTRIC LIGHTING AND HBATING POCK- 
BT BOOK. By Sydney F. Walker. This book puts in 
convenient form useful information regarding the apparatus 
which is likely to be attached to the mains of an electrical 
company. Tables of units and equivalents are included and 
useful electrical laws and formulas are stated. 438 pages, 
300 engravings. Bound in leather. Pocket book form. 

Price, f 3.00 

RLRCTRIC TOT MAKING, DYNAMO BUILD- 
INGy AND BLBCTRIC MOTOR CONSTRUCTION. 

This work treats of the making at home of electrical toys, 
electrical apparatus, motors, dynamos and instruments in 
general, and is designed to bring within the reach of young 
and old the manufacture of genuine and useful electrical 
appliances. 210 pages, cloth. Fully illustrated. Twentieth 
edition, enlarged. Price, f l.OO 

PRACTICAL BLRCTRICITT. By Prof. T. 
CyCoNOR Sloane. This work of 768 pages was previously 
known as Sloane's Electricians' 'Hand Book, and is intended 
for the practical electrician who has to make things go. 
The entire field of electricity is covered within its pages. 
It contains no useless theory; everything is to the point. It 
teaches you just what you should know about electricity. It 
is the standard work published on the subject. Forty-one 
chapters, 610 engravings, 761 pages, handsomely bound in 
cloth. Third edition. Price, f 2.50 

ELECTRICITY SIMPLIFIED. By Prop. T. 
O'CoNOR Sloane. The object of "Electricity Simplified" is 
to make the subject as plain as possible and to snow what 
the modern conception of electricity is; to show how two 
plates of different metals immersed in acid can send a mes- 
sage around the globe; to explain how a bundle of copper 
wire rotated by a steam engine can be the agent in lighting 
our streets, to tell what the volt, ohm and ampere are, and 
what high and low tension mean; and to answer the ques- 
tions that perpetually arise in the mind in this age of elec- 
tricity.' 172 pages. Illustrated. Thirteenth edition. Cloth. 

i>*«4M. m.oo 
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HOUSB "WIRING. By Thomas W. Popfe. Describing 
and illustrating up-to-date methods of installing electric lip^ht 
wiring. Intended for the electrician, helper and apprentice. 
Contains just the information needed for successful wiring 
of a building. Fully illustrated with diagrams and plans. 
It solves all wiring problems and contains nothing that con- 
flicts with the rulings of the National Board of Fire Under- 
writers. It gives just the information essential to the suc- 
cessful wiring of a building. 125 pages, fully illustrated, 
flexible cloth. Price^ 60 centa 

MANAOBMBNT OF DYNAMOS. By Lummxs-Pat- 
EKSON. A handbook of theory and practice. This work is 
arranged in three parts. The first part covers tiie elementary 
theory of the dynamo. The second part, the construction 
and action of the different classes of dynamos in common 
use are described; while the third part relates to such 
matters as affect ^e practical management and working of 
dynamos and motors. Fourth edition. 292 pages, 11^7 illus- 
trations. Price^ f 1.60 

ESLESGTRICITY IN FAGTORIBS AND WORK- 
SHOPS. Its cost and convenience. A handy book for 
power producers and power users. By Arthur F. Haslam. 
5^xS. Cloth, 312 pages, 70 illustrations. Price, f2.50 

HOW TO BBGOMIB A SUCCESS SFUIj BliBCTRI- 

CI AN. By Prof. T. O' Conor Sloans. An interesting book 
from cover to cover. Telling in simplest language the surest 
and easiest way to become a successful electrician. The 
studies to be followed, methods of work, field of operation 
and the requirements of the successful electrician are pointed 
out and fully explained. 202 pages. Illustrated. Eignteenth 
revised edition. Cloth. Prloe, f l.OO 

STANDARD BI^BCTRICAIi DICTIONARY. By 

Prop. T. O'Conor Sloane. A practical handbook of refer- 
ence containing definitions of about 5,000 distinct words, 
terms and phrases. The definitions are terse and concise and 
include every term used in electrical science. Twelfth edi- 
tion. 682 pages, 393 illustrations. Price, f 3.00 

SIVITCHBOARDS. By William Baxter, Jr. This 
book appeals to every engineer and electrician who wants to 
know the practical side of things. All sorts and conditions 
of dynamos, connections and circuits are shown by diagram 
and illustrate just how the switchboard should be connected. 
Includes direct and alternating current boards, also those 
for arc lighting^ incandescent and power circuits. Special 
treatment on high voltage boards tor power transmission. 
Second edition. 190 pages. Illustrated. Pricey f 1.60 

TBLEPHONB CONSTRUCTION, INSTAI<IiA- 
TION, IVIRING, OPERATION AND MAINTE^- 

NANCR. By W. H. Radcliffe and H. C. Cushing. This 
book gives the principles of construction and operation of 
both the Bell and Independent instruments; approved meth- 
ods of installinc[ and wiring them; the means of protecting 
them from lighting and abnormal currents; their connection 
togetiier for o^ration as series or bridgine stations; and 
rules for their inspection and maintenance. Line wiring and 
the wiring and operation of special telephone systems are 
also treated. 224 pages, 132 illustrations. Second revised 
edition. Price, f l.OO 
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IVIRBIiBSS TBIiBGRAPHY AND TBIiBPHOJTY 
SIMPLY BXPIiAINBD. By Alfred P. Morgak. This 
is undoubtedly one of the most complete and comprehen- 
sible treatises on the subject ever published, and a close 
study of its pages will enable one to master all the details 
of the wireless transmission of messages. The author has 
filled a long-felt want and has succeeded in furnishing a lucid, 
comprehensible explanation in simple language of the theory 
and practice of wireless telegraphy and telephony. 154 pages, 
156 engravings. Price, fTl.OO 

IVIRING A HOUSE. By Herbert Pratt. Shows, a 
house already built; tells just how to start about wiring it; 
where to begin; what wire to use; how to run it accord- 
ing to insurance rules; in fact, just the information ^ou 
need. Directions apply equally to a shop. Fourth edition. 

Pri<^, 25 cents 

ENAMELING 



HEXIiBT'S TIVBNTIBTH CENTURY RE- 
CEIPT BOOK. Edited b]r Gardner D. Hiscox. A work 
of 10,000 practical receipts, including enameling receipts for 
hollow ware, for metals, for signs, for china and porcelain, 
for wood, etc Thorough and practical. 1914 edition. 

Price* 93.00 

FACTORY MANAGEMENT, ETC 

MODERN MACHINE SHOP CONSTRUCTION, 
EQUIPMENT AND MANAGEMENT. By O. £. 

Perrigo, M.E. a work designed for the practical and every- 
day use of the architect who designs, the manufacturers who 
build, the engineers who plan and equip, the superinten- 
dents who organize and direct^ and for the information of 
every stockholder, director, officer, accountant, clerk, super- 
intendent, foreman and workman of the modern machine 
shop and manufacturing plant of Industrial America. 

Price, 96.00 

FUEL 



COMBUSTION OF COAL AND THE PREVEN- 
TION OF SMOKE. Bv Wic. M. Barr. This book has 
been prepared with special reference to the generation of 
heat by the combustion of the common fuels found in the 
United States, and deals ^ particularly with the conditions 
necessary to the economic and smokeless combustion of 
bituminous coals in stationary and locomotive steam boilers. 
The presentation of this important subject is systematic and 
prog^rcssive. The arrangement of the book is in a series of 
practical questions to which are appended accurate answers, 
which describe in language, *ree from technicalities, the sev- 
eral processes involved in the furnace combustion of Amer- 
ican fuels; it clearly states the essential requisites for per- 
fect combustion, and points out the best methods for fur- 
nace construction for obtaining the greatest quantity of heat 
from any given quality of coal. Nearly 350 pages, fully 
illustrated. Fifth edition. Price, fl.OO 

SMOKE PREVENTION AND FUEL ECONOMY. 
Bv Booth and Kershaw. As the title indicates, this book 
of 197 pages and 75 illustrations deals with the problem of 
complete combustion, which it treats from the ohemical and 
mechanical standpoints, besides pointing out the economical 
and humanitarian aq>cct8 of the question. Priee^ ^2.50 
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GAS ENGINES AND GAS 



GAS ENGnrCS COHrSTRUCTIOHr, Or How to Build 
a Half-Horse-power Gas Engine. By PAassix and Weed. 
A practical treatise describing the theory and principles of 
the action of gas engines of yarious types, and the design 
and construction of a half-horse-power gas engine, with illus- 
trations of the work in actual progress, together with dimen- 
sioned working drawings giving clearly tiie sizes of the vari- 
ous details. 300 pages. Third edition. Cloth. Price, 92.60 

CBEMISTRY OF GAS MANUFACTURE. By H. 

M. RoYLES. This book covers points likely to arise in the 
ordinary course of the duties of the ens[ineer or manager of 
a gas works not large enough to necessitate the employment 
of a separate chemical staff. It treats of the testing of the 
raw materials employed in the manufacture of illuminating 
coal gas and of the gas produced. The preparation of 
standard solutions is given as well as the chemical and physi- 
cal examination of gas coaL 5^x894* Clothj328 paees, 82 
illustrations, 1 colored plate. nl<se> Ip4.60 

THE GASOIilNB BNGIUTE ON THE FARBIt 
ITS OPERATION, REPAIR AND USES. By Xeno 
W. Putnam. A useful and practical treatise on the modern 
gasoline and kerosene engine, its construction, management, 
repair and the many uses to which it can be applied in 
present-day farm life. It considers all the various household, 
shop and field uses of this up-to-date motor and includes 
chapters on engine installation, power transmission and the 
best arrangement of the power plant in reference to the 
work. 5^x7yi Cloth. 527 pages, 179 illustrations. 

Price, 92.00 

GASOLINE ENGINES! THBIR OPERATION, 
USE AND CARE. Bv A. Hyatt Verkill. A comprehen- 
sive, simple and practical work, treating of gasoline engines 
for stationary, marine or vehicle use; their construction, de- 
sign, management, care, operation, repair, installation and 
troubles. A complete glossary of technical terms and an alpha- 
betically arranged table of troubles and symptoms form a 
most valuable and unique feature of the book. 5^x7^. 
Cloth. 275 pages, 152 illustrations. Price, f 1.60 

GAS, GASOLINE AND OIL ENGINES. By Gard- 
ner D. Hiscox. Revised by Victor W. Pag^. Just issued 
1915 revised and enlarged edition. Every user of a gas 
engine needs this book. Simple, instructive and right up- 
to-date. The only complete work on the subject. Tells sul 
about internal combustion engineering, treating exhaustively 
on the design, construction and practical application of all 
forms of gas, gasoline, kerosene and crude petroleum-oil en- 

K'nes. Describes minutely all auxiliary systems, such as 
brication, carburetion and ignition. Considers the theory 
and management of all forms of explosive motors for sta- 
tionary and marine work, automobiles, aeroplanes and motor- 
cycles. Includes also Producer Gas and Its Production. 
Invaluable instructions for all students, gas-engine owners, 
gas-engineers, patent experts, designers, mechanics, drafts- 
men and all having to do with the modern power. Illustrated 
by over 400 engravings, many specially made from engineer- 
ing drawings, all in correct proportion. 650 pages. 435 en- 
gravings. Price, net, f 2.60 
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MODBR^r QAS BNGINBS AND PRODUGBR 
GAS PLANTS. By R. E. Mathot. M.E. A practical 
treatise of 320 pages, fully illustrated Sy 175 detailed illus- 
trations, setting forth the principles of gas engines and pro- 
ducer design, the selection and installation of an engine, 
conditions of perfect operation, producer-gas engines and 
their possibilities, the care of gas engines and producer-ga& 
plants, with a cnapter on volatile hydrocarbon and oil en- 
gines. This book has been endorsed by Dugal Clerk as a 
most useful work for all interested in gas engme installation 
and producer gas. Price^ 92.60 

Hour TO RUN AND INSTALL GASOIilNB 
BNGINBS. By C. Von Culin. 1915 revised and enlarged 
edition just issued. The object of this little book is to fur- 
nish a pocket instructor for the beginner, the busy man who 
uses an engine for pleasure or profit, but who does not 
have the time or inclination for a technical book, but sim- 
ply to thoroughly understand how to properly operate, install 
and care for his own engine. The index refers to each 
trouble, remedy and subject alphabetically. Being a quick 
reference to find the cause, remedy and prevention for 
troubles, and to become an expert with his own engine. 
Pocket size. Paper binding. Prloey 26 cents 

MODBRN GAS TRACTOR, ITS CONSTRVC- 
TIONy UTILITY^ OPBRATION AND RBPAIR. 

By Victor W. Pag£. Treats exhaustively on the design and 
construction of farm tractors and tractor power-plants, and 
gives complete instructions on their care, operation and re- 
pair. All types and sizes - of gasoline, kerosene and oil 
tractory are described, and every phase of traction engineer- 
ing practice fully covered. Invaluable to all desiring re- 
liwle information on gas motor propelled traction engines 
and their use. 5^x7$^. Cloth. 475 pages, 204 illustrations, 
3 folding plates. Price, f 2.00 



GEARING AND CAMS 



BBVBIi GESAR TABLBS. By D. Aa Engstxoic. 
No one who has to do with bevel gears in any way should 
be without this book. The designer and draftsman will find 
it a great convenience, while to the machinist who turns up 
the blanks or cuts the teeth, it is invaluable, as all needed 
dimensions are eiven and no fancy figuring need be done. 
Third edition. Cloth. Price, f l.OO 

CHANGES GBAR DBVICBS. By Oscar E. Perrigo. 
A book for every designer, draftsman and mechanic who is 
interested in feed changes for any kind of machines. This 
shows what has been done and now. Gives plans, patents 
and all information that you need. Saves hunting urough 
patent records and reinventing old ideas. A standard work 
of reference. Qoth. Price, f l.OO 

DRAFTING OP CAMS. By Louis Rouiixion. The 
laying out of cams is a serious problem unless you know how 
to go at it right. This puts you on the right road for prac- 
tically any land of cam you are likely to run up against. 
Third edition. Price, 25 cents 
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HYDRAULICS 



HTDRAUIilC BNGINBERING. By Gaxdner D. 
Hiscox. A treatise on the properties, power, and resources 
of water for all purposes. Including the measurement of 
streams; the flow of water in pipes or conduits; the horse- 
power of falling water; turbine and impact water-wheels; 
wave-motors, centrifugal, reciprocating and air-lift pumps. 
With 30O figures and diagrams and 36 practical tables. 320 
pages. Pricey f 4.00 

ICE AND REFRIGERATION 



POCKBTBOOK OF RBFRIGBRATIOIT AlTD 
ice: making. By A. J. Wallis-Taylos. This is one of 
the latest and most comprehensive reference books published 
on the subject of refrigeration and cold storage. It explains 
the properties and refrigerating effect of the different fluids 
in use, the manap^ement of refrigerating machinery and the 
construction and insulation of cold rooms with their required 
pipe surface for different degrees of cold; freezing mixtures 
and non-freezing brines, temperatures of cold rooms for all 
kinds of provisions, cold storage charges for all classes of 

?:oods, ice making and storage of ice, data and memoranda 
or constant reference by refrigerating engineers, with nearly 
one hundred tables containing valuable references to every 
fact and condition required in the installment and operation 
of a refrigerating plant. New edition just published. 

Prioey 91.50 

INVENTIONS— PATENTS 



INTBNTOR'S MANUAIiy HOUT TO MAKB A 
PATENT PAY. This is a book designed as a guide to 
inventors in perfecting their inventions, taking out their 
patents, and disposing of them. It is not in any sense a 
latent Solicitor's circular nor a Patent Broker's advertise- 
ment. No advertisements of any description appear in the 
work. It is a book containing a quarter of a century's ex- 
perience of a successful inventor, together with notes based 
upon the experience of many other inventors. Revised edi- 
tion. 120 pages. Cloth. Prloe, f l.OO 

KNOTS 



KNOTS, SPIilCBS AND ROPE UTORK. By A. 

Hyatt Verkill. This is a practical book giving complete 
and simple directions for making all the most useful and orna- 
mental knots in common use, with chapters on Splicing, 
Pointing, Seizing, Serving, etc. This book is fully illus- 
trated with one hundred and fifty original engravings, which 
shows how each knot, tie or splice is formed, and its appear- 
ance when finished. The book will be found of the greatest 
value to campers, yachtsmen, travelers or Boy Scouts,, in 
fact, to anyone having occasion to use or handle rope or 
knots for any purpose. The book is thoroughly reliable and 
practical, and is not only a guide but a teacher. It is the 
standard work on the subject. 118 pages, 150 original en- 
gravings. Pricey 60 eents 
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LATHE WORK 



TURNING AND BORING TAPBRS. By Fsed H. 
CoLViN. There are two ways to turn tapers; the right way 
and one other. This treatise has to do with the right way; 
it tells you how to start the work properly, how to set the 
lathe» what tools to use and how to use them, and forty and 
one other little things that you should follow. Fourth edi- 
tion. Pricey 26 cents 

liATHB DESIGN, CONSTRUCTION. AND 
OPERATION, \VITH PRACTICAL EXAMPLES 
OP LATHE IVORK. By Oscar E. Perrigo. A New revised 
edition, and the only complete American work on the subject, 
written by a man who knows not only how work ought to be 
done, but who also knows how to do it, and how to convey 
this knowledge to others. It is strictly up-to-date in its de- 
scriptions and illustrations. Lathe history and the relations 
of the lathe to manufacturing are given; also a description of 
the various devices for feeds and thread cutting mechanisms 
from early efforts in this direction to the present time. Lathe 
design is thoroughly discussed, including back gearing, driving 
cones, thread-cutting gears, and all the essential element of the 
modern lathe. The classification of lathes is taken up, giving 
the essential differences of the several types of lathes including 
as is usually understood, engine lathes, bench lathes, speed 
lathes, forge lathes, gap lathes, pulley lathes, forming lathes, 
multiple-spindle lathes, rapid-reduction lathes^ precision lathes, 
turret lathes, special lathes, electrically-driven lathes, etc. 
In addition to the complete exposition on construction and 
design, much practical matter on lathe installation, care and 
operation has been incorporated in the enlarged 1915 edi- 
tion. All kinds of lathe attachments for drilling, milling, 
etc., are described and complete instructions are given to 
enable the novice machinist to grasp the art of lathe oper- 
ation as well as the principles involved in design. A number 
of difficult machining operations are described at length and 
illustrated. The new edition has nearly 500 pages and 350 
illustrations. Price, f 2.50 

PRACTICAL METAL TURNING. By Joseph G. 
Horner. A work of 404, pages, fully illustrated, covering in 
a comprehensive manner the modern practice of machining 
metal parts in the lathe, including the regular engine lathe, 
its essential design, its uses, its tools, its attachments, and 
the manner of holding the work and performing the opera- 
tions. The modernized engine lathe, its methods, tools and 
great range of accurate work. The turret lathe, its tools, 
accessories and methods of performing its functions. Chap- 
ters on special work, grindinjs, tool holders, speeds, feeds, 
modern tool steels, etc., etc. Second edition. Price, ^3.50 



LIQUID AIR 

LIQUID AIR AND THE LIQUEFACTION OF 
GASES. By T. O'Conor Sloane, Theory, history, biog- 
raphy, practical applications, manufacture. Second edition. 
365 pages. Illustrated. Price, .f a.OO 
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LOCOMOTIVE ENGINEBRINQ 



AIR-BRAKE CATECHISM. By Robert H. Black- 
all. > This book is a standard text book. It is the only 
practical and complete work published. Treats on the equip- 
ment manufactured W the westinghquse Air Brake Com- 




ment, and the Cross Compound Pump. The operation oi all 
parts of the apparatus is explained in detail and a practical 
way of locating their peculiarities and remedjring their de- 
fects is ipven. Endorsed and used by air-brake instructors 
and examiners on nearly every railroad in the United States. 
Twenty-sixth edition. 411 pages, fully illustrated with fold- 
ing plates and diagrams. New edition. Pricey ^2.00 

AMERICA^r COMPOUND LOCOAOTIVES. By 

Fred H. Colvin. The most complete book on compound^ 
published. Shows all types, including the balanced compound. 
Makes everything clear by many illustrations, and shows 
valve setting, breakdowns and repairs. 142 pages. Cloth. 

Pricey fl.OO 

APPLICATION OF HIOHIiT SUPERHEATED 
STEAM TO LOCOMOTIVES. By Robbxt Garbs. A 
practical book which cannot be recommended too highly to 
those motive-power men who are anxious to maintain the 
highest efficiency in their locomotives. Contains special chap- 
ters on Generation of Highlpr Superheated Steam; Super- 
heated Steam and the Two-Cylinder Simple Engine; Com- 
Eounding and Superheating: Designs of Locomotive Super- 
eaters; Constructive Details of Locomotives Using Highly 
Superheated Steam. Experimental and Working Results. 
Illustrated with folding plates and tables. Cloth. 

Price, 92.6O 

COMBUSTION OF COAIi AND THE PREVEN- 
TION OF SMOKE. By Wic. M. Barr. To be a success a 
fireman must be "Lisht on Coal." He must keep his fire 
in good condition, ana prevent, as far as possible, the smoke 
nuisance. To do this, he should know liow coal burns, how 
smoke is formed and the proper burning of fuel to obtain 
the best results. He can learn this, and more too, from 
Barr's ''Combination of Coal." It is an absolute authoritv 
on all questions relating to the firing of a locomotive. Fifth 
edition. Nearly 350 pages, fully illustrated. Pricse, fl.OO 

DIARY OF A ROUND-HOUSE FOREMAN. B^ 

T. S. Reilly. This is the greatest book of railroad experi- 
ences ever published. Containing a fund of information and 
suggestions along the line of handling men, organizing, etc., 
that one cannot afford to miss. 176 pages. Price, f l.OO 

liINK MOTIONS, VAI«VES AND VALVE SET- 
TING. By Fred H. Colvin, Associate Editor of "American 
Machinist." A handy book that clears up the mysteries of 
valve setting. Shows the different valve gears in use, how 
they work, and why. Piston and slide valves of different 
types are illustrated and explained. A book that every rail- 
road man in the motive-power department ought to have. 
Fully illustrated. New revised and enlarged edition just 
published. Price, 60 cents 
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TRAIir RUIiB EXAMINATIONS MADB BAST. 

67 G. £. COLLINGWOOD. This is the only practical work on 
train rules in print. Every detail is covered, and puzzling 
points are explained in simple, comprehensive language, mak- 
ing it a practical treatise for the train dispatcher, engine- 
man, tMiinman and all others who have to do with the move- 
ments «f trains. Contains complete and reliable information 
of the Standard Code of Train Rules for single track. Shows 
signals in colors, as used on the different roads. Explains 
fully the practical application of train orders, giving a clear 
and definite understanding of all orders which may be used. 
256 pages. Fully illustrated with train signals in colors. 

Pricey f 1.25 

liOCOMOTIVB BOIIiBR CONSTRUCTION. By 

FsANK A. Klbinhak& The only book showing how locomo- 
tive boilers are built in modern shops. Shows all tvpes of 
boilers used; gives details of construction; practical facts, 
such as life of riveting punches and dies, work done per 
day, allowance for bending and flanging sheets and other 
data that means dollars to any railroad man. Second edition. 
451 pages, 334 illustrations. Six folding plates. Cloth. 

Pricey f 3.00 

liOCOMOTmS BRBAKDOmrNS AND THBIR 
RBMBDIBS. By Geo. L. Fowles. Revised by Wm. W. 
Wood, Air-Brake Instructor. Just issued. Revised pocket 
edition. It is out of the queston to try and tell you about 
every subject that is covered in this pocket edition of Loco- 
motive Breakdowns. Just imagine all the common troubles 
that an engineer may expect to happen some time, and then 
add all of the unexpected ones, troubles that could occur, 
but that you had never thought about, and you will find 
that they are all treated with the verv best methods of re- 
pair. Walschaert Locomotive Valve Clear Troubles, Electric 
Headlight Troubles, as well as Questions and Answers on the 
Air Brake are all included. Seventh edition. 294 pages. 
Fully illustrated. Price, fl.OO 

liOCOMOTIVB CATBCHISM. By Robert Guic- 
8HAW. Twenty-eiffhth revised and enlarged edition. This 
may well be called an encjrclopedia of the locomotive. Con- 
tains over 4,000 examination questions with their answers, 
including among them those asked at the first, second and 
third years' examinations. 825 pages, 437 illustrations and 
3 folding pUtea. Price, f 2.50 

mrBSTINGHOITSB BT AIR*BRAKB INSTRUC- 
TION POCKBT BOOK CATBCHISM. By Wm. ,W. 

Wood, Air-Brake Instructor. A practical work containing 
examination questions and ans*/ers on the E. T. Equipment. 
Covering what tiie E. T. Brake is. How< it should be oper- 
ated. What to do when defective. Not a question can be 
asked of the engineman up for promotion on either the No. 
5 or the No. 6 £ T equipment that is not asked and answered 
in the book. If you want to thoroughly understand the 
E T equipment get a copy of this book. It covers every de- 
tail. Makes air-brake troubles and examinations easy. Fully 
illustrated with colored plates, showing various pressures. 
Qoth. Price, f 1.50 
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PRACTICAL INSTRUCTOR AND RBFBRBNCB 

BOOK FOR locomotive: firbmesn and BN- 

GINBBRS. By Chas. F. Lockhart. An entirely new- 
book on the locomotive. It appeals to every railroad man, 
as it tells him how things are done and the right way to do 
them. Written by a man who has had years of practical 
experience in locomotive^ shops and on the road firing and 
running. The information given in this book cannot be 
found in any other similar treatise. Eight hundred and 
fiftv-one questions with their answers are included, which 
will prove specially helpful to those preparing for exam- 
ination. 368 pages, 88 illustrations. Qoth. Pricey f 1.60 

PRBVBNTION OF RAILROAD ACCIDBNTS, 
OR SAFEST Y IN RAILROADING. By George Brad- 
SHAW. This book is a heart-to-heart talk with railroad em- 
ployees, dealing with facts, not theories, Bn<T showing the 
men in the ranks, from every-day experience, how accidents 
occur and how they may be avoided. The book is illustrated 
with seventy original photographs and drawings showing the 
safe and unsafe methods of work. No visionary schemes, no 
ideal pictures. Just plain facts and practical suggestions are 

given. Every railroad employee who reads the book is a 
etter and safer man to have in railroad service. It gives 
just the information which will be the means of preventing 
many injuries and deaths. All railroad employees should 
procure a copy; read it, and do their part in preventing 
accidents. 169 pages. Pocket size. Fully illustrated. 

Pricey 60 cents 

UTALSCHABRT LOCOMOTIVE! VALVES GBAR. 

By Wm. W. Wood. If you would thoroughly understand the 
Walschaert Valve Gear, you should possess a coj>^ of this 
book. The author divides the subject into four divisions, as 
follows: I. Analysis of the gear. II. Designing and erecting 
of the gear. III. Advantages of the gear. IV. Questions 
and answers relating to the Walschaert Valve Gear. This 
book is specially valuable to those preparing for promotion. 
Third edition. 245 pages. Fully illustrated. Cloth. 

Prlccy f 1.60 



MACraNE SHOP PRACTICE 



MACHINES -SHOP ARITHMESTIC. By Colvin- 
Cheney. Most popular book for shop men. Shows how all 
shop problems are worked out and **why." Includes change 
gears for cutting any threads; drills, taps, shink and force 
fits; metric system of measurements and threads. Used by 
all classes of mechanics and for instruction in Y. M. C. A. 
and other schools. Sixth edition. 131 pages. 

Price, 60 cents 

TOOLS FOR MACHINISTS AND UTOOD 
IVORKBRS, INCLUDING INSTRUMENTS! OF 
MEASUREMENT. By Joseph G. Horner. The prin- 
ciples upon which cutting tools for wood, metal, and other 
substances are made are identical, whether used by the ma- 
chinist, the carpenter, or by any other skilled mechanic in 
their daily «work, and the object of this book is to give a 
correct and practical description of these tools as they are 
commonly designed, constructed, and used. 340 pages, fully 
illustrated. Price, $8.50 
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AMBRICAir TOOL MAKIDTG AND IlfTBIU 
CHANGBABLB MANXTFAGTURING. B^ J. V. 

WooDWORTH. In its 500-odd pages the one subject only. 
Tool Making, and whatever relates thereto, is dealt with. 
The work stands without a rival. It is a complete practical 
treatise on the art of American Tool Making and system of 
interchangeable manufacturing as carried on to-day in the 
United States. In it are described and illustrated all of the 
different types and classes of small tools, fixtures, devices 
and special appliances which are in general use in all 
machine-manufacturing and metal-working establishments 
where economy, capacity and interchangeability in the pro- 
duction of machined metal parts are imperative. The science 
of jig making is exhaustively discussed, and particular atten- 
tion is paid to drill jigs, boring, profiling and milling^ fixtures 
and other devices in which the parts to be machined are 
located and fastened within the contrivances. AH of the 
tools, fixtures and devices illustrated and described have 
been or are used for the actual production of work, such 
as parts of drill presses, lathes, patented machinery, type- 
writers, electrical apparatus, mecnanical appliances, brass 
goods, composition parts, mould products, sheet metal arti- 
cles, drop forgings, jewelry, watches, medals, coins, etc. 
Second edition. 531 pages. Prl<sey f 4.00 

HBNLBY'S BNCYCIiOPBDIA OF PRACTICAL 
ENGINBBRING AND ALLIBD TRADBS. Edited 
by Joseph G. Horner, A.M.LMech.E. This book covers the 
entire practice of Civil and Mechanical Engineering. The 
best known experts in all branches of engineering have con- 
tributed to these volumes. The C^rclopedia is admirably well 
adapted to the needs of the beginner and the self-taught 
practical man, as well as the mechanical engineer, designer, 
draftsman, shop superintendent, foreman and machinist. 

It is a modern treatise in five volumes. Handsomely 

bound in half morocco, each volume containing nearly 500 

pages, with thousands of illustrations, including diagram* 

matic and sectional drawings with full explanatory details. 

Pricey for the complete set of five volumes, 92C».00 

MODBRN MACHINB SHOP CONSTRUCTION, 
SaVIPMBNT AND MANAGBMBNT. By Oscar £. 
Perrioo. The only work published that describes the Modem 
Machine Shop or Manufacturing Plant from the time the 
grass is Rowing on the site intended for it until the finished 
product 18 shipped. Just the book needed by those contem- 
plating the erection of modern shop buildings, the rebuilding 
and reorganization of old ones, or the introduction of Modem 
Shop Methods, Time and Cost Systems. It is a book written 
and illustrated by a practical shop man for practical shop men 
who are too busy to read theories and want facts. It is the 
most complete all-around book of its kind ever published. 
400 large quarto pages, 225 original and ^ecially-made illus- 
trations. Price, f 5.00 

"SHOP KINKS.'' By Robert Grimshaw. This shows 
special methods of doing work of various kinds, and releas« 
ing cost of production. Has hints and kinks from some of 
the largest shops in this country and Europe. You are almost 
sure to find some that apply to your work, and in such a 
way as to save time and trouble. 400 pages. Fifth edi- 
tion. Qoth. ^rlee, 92.60 
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THE WHOEg mm or mecmafucai, ■■ov»» 

BgEWTS COVERED BY BPI, HlSCOX*S 
TWO BOOKS 

We iniblish two books by Gardner D. Hiscox tbat will 
keep yoia from "inyenting" things that haye been done be- 
fore, and suggest wsnrs of doing things that you have not 
thought of before. Many a man spends time and money, 
pondering over some mechanical problem, only to learn, after 
ne has solved the problem, that the same thine has been 
accomplished and put in practice by others long before. Time 
and money spent in an effort to accomplish what has al- 
ready been accomplished are time and money lost. The 
whole field of mechanics, every known mechanical movement, 
and practically every device is covered by these two books. 
If the thing you want has been invented, it is illustrated in 
them. If it hasn'H been invented, then you'll find in them 
the nearest things to what you want, some movement or 
device that will apply in your case, perhaps; or which will 

E've you a key from which to work. No book or set of 
K>ks ever published is of more real value to the inventor, 
draftsman or practical mechanic than the two volumes de- 
tcribed below. 

MBCBAXICAIi MOVBMBNTSy POWERS AND 
DBVICE2S. By Gasdner D. Hiscox. This is a collection 
of 1,890 engravings of different mechanical motions and appli- 
ances, accompanied by appropriate text, making it a book of 
great value to the inventor, the draftsman, and to all read- 
ers with mechanical tastes. The book is divided into eighteen 
sections or chapters, in which the subject-matter is classified 
under the following heads: Mechanical Powers: Transmis- 
sion of Power; Measurement of Power; Steam Power; Air 
Power Appliances; Electric Power and Construction; Navi- 
gation and Roads; Gearing; Motion and Devices; Control- 
Bng Motion; Horological; Mining; Mill and Factory Appli- 
ances; Construction and Devices; Drafting Devices; Miscel- 
laneous Devices, etc. Fourteenth edition. 400 octavo pages. 

Pricey 92^50 

MBCMA^riCAIi APPIilANCBSy MBCSANICAIi 
MOVBMBIfTS AND NOVBLTIBS OF CON- 
STRUCTION. By Gasj>ner D. Hiscox. This is a sup- 
plementary volume to the one upon mechanical movemente. 
Unlike the first volume, which is more elementarjr in char- 
acter, this volume contains illustrations and descriptions of 
many combinations of motions and of mechanics devices 
and appliances found in different lines of machinery, each 
device being shown by a line drawing with a description 
showing its working parts and the method of operation. 
From the multitude of devices described and illustrated 
might be mentioned, in passing, such items as convejrors and 
elevators, Prony brakes, thermometers, various tjrpes of boil- 
ers, solar engines, oil-fuel burners, condensers, evaporators, 
Corliss and other valve gears, governors, gas engines, water 
motors of various descrijptions, air ships, motors and dynamos, 
automobile and motor bicycles, railway lock signals, car coup- 
lers, link and gear motions, ball bearings, breech blodc 
mechanism for heavy guns, and a large accumulation of 
others of equal importance. 1,000 specially made engravings. 
396 oct»yo pageib Third revised edition. Prlee^ ^a.SO 



MACBINB 8BOP TOOLS AlfD SHOP PRAO- 
TICB. By W. H. Vandekvoost. A work of 555 pages and 
673 illustrations* describing in every detail the construction* 
operation, and manipulation of both hand and machine tools. 
Includes diapters on filing, fitting, and scrai)ing surfaces; on 
drills, reamers, taps, and dies: the lathe and its tools; planers, 
shapers, and their tools; milling machines and cutters; gear 
cutters and gear cutting; drilling machines and drill work; 
grinding machines and their work; hardening and tempering: 
gearing, belting, and transmission machinery; useful data and 
tables. Sixth edition. Cloth. Priee, f 8.00 

MODBRir MIIiliING MACHINES t THBIR DB- 
niQN, CONSTRUCTION AND OPBRATION. By 

Joseph G. Hoknek. This book describes and illustrates the 
Milling Machine and its work in such a plain, clear, and 
forceful manner, and illustrates the subject so clearly and 
completely, that the up-to-date machinist^ student, or me- 
chanical engineer cannot afford to do without the valuable 
information which it contains. It describes not only the 
early machines of this class, but notes their gradual develop- 
ment into the splendid machines of the present day, giving 
the design and construction of the various types, forms, and 
special features produced by prominent manufacturers, Ameri- 
can and foreign. 304 pages, 300 illustrations. Cloth 

Prlee, 94.00 

THB MODBRN MACHINIST. By Tohn T. Ushek. 
This book mifi[ht be called a compendium of shop methods, 
showing a variety of special tools and appliances which will 

Sive new ideas to many mechanics from the superintendent 
own to the man at the bench. It will be found a valuable 
addition to any machinist's library and should be consulted 
whenever a new or difficult job is to be done, whether it is 
boring, milling, turning, or planing, as they are all treated 
in a practical manner. Fifth edition. 32(X page^ 250 illus- 
trations. Cloth. Prloey f a.60 

THRBADS AND THRBAD CUTTING. By Colvin 
and Stabel. This clears up many of the mysteries of thread- 
cutting, such as double and triple threads, internal threads, 
catching threads, use of hobs, etc. Contains a lot of useful 
hints and sereral tables. Third edition. Prieey 25 oents 



MARINE ENGINEERING 



MODBRN SUBMARINE CHART. A cross^ection 
view, showing clearly and distinctly all the interior of a 
submarine of the latest tjrpe. You get more information from 
this chart about the construction and operation of a subma- 
rine than in any other way. No details omitted — eiverything 
is accurate and to scale. It is absolutely correct in every 
detail^ having been approved by naval engineers. All the 
machinery and devices fitted in a modern submarine boat are 
shown, and to make the engraving more readily understood 
all the features are shown in operative form, with officers 
and men in the act of performing the duties assigned to them 
in service conditions. THIS CHART IS REALLY AN 
ENCYCLOPEDIA OF SUBMARINE. It is educational and 
worth many times its cost. Mailed in a tube for 25 cents 
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MARINES BNGINBS AND BOIIiBRS, THBTR 
DESIGN AND CONSTRUCTION. By Dr. G. Bauer, 
Leslie S. Robertson and S. Bryan Donkin. In. the words 
of Dr. Bauer, the present •work owes its origin to an oft 
felt want of a condensed treatise embodying the theoretical 
and practical rules used in designing marine engines and 
boilers. The need of such a work has been felt by most 
engineers engaged in the construction and workine of marine 
engines, not only by the vounger men, but also by those of 
greater experience. The fact that the original German work 
was written by the chief engineer of the famous Vulcan 
Works, Stettin, is in itself a guarantee that this book is in 
all respects thoroughly up-to-date, and that it embodies all 
the information which is necessary for the design and con- • 
struction of the highest types of marine engines and boilers. 
It may be said that the motive power which Dr. Bauer has 
placed in the fast German liners that have been turned out 
of late years from the Stettin Works represent the very best 
practice in marine engineering of the present da^. The work 
IS clearly written, thoroughly systematic^ theoretically sound; 
while the character of the plans, drawings, tables, and sta- 
tistics is without reproach. The illustrations are careful re- 
productions from actual working drawings, with some well- 
executed photographic views of completed engines and boilers. 
744 pages, 550 illustrations and numerous tables. Cloth. 

Price, f 8.00 net 

MANUAL TRAINING 



BCONOMICS OF MANUAL TRAINING. By 

Louis Rouillion. The only book that gives just the infor- 
mation needed by all interested in manual training, regarding 
buildings, equipment and supplies. Shows exactly what is 
needed for all grades of the work from the Kindergarten to 
the High and Normal School. Gives itemized lists of every- 
thing needed and tells just what it ought to cost. Also shows 
where to buy supplies. Illustrated. Second edition. Cloth. 

Price, f 1.60 

MINING 



ORB DEPOSITS, TiriTH A CHAPTBR ON 
HINTS TO PROSPECTORS. By J. P. Johnson. This 
book gives a condensed account of the ore deposits at present 
known in South Africa. It is also intended as a guide to 
the prospector. Only an elementary knowledge of geology and 
some mining experience are necessary in order to understand 
this work. With these qualifications, it will materially assist 
one in his search for metalliferous mineral occurrences and, 
so far as simple ores are concerned, should enable one to 
form some idea of the possibilities of any they may find. 
Illustrated. Cloth. Price- fS.OO 

* PRACTICAL COAL MINING. By T. H. Cockin. 
An important work, containing 428 pages and 213 illustra- 
tions, complete with practical details, which will intuitively 
impart to the reader, not only a general knowledge of the 
principles of coal mining, but also considerable insight into 
allied subjects. The treatise is positively up to date in every 
instance, and should be in the hands of every colliery engi- 
neer, geologist, mine operator^ superintendent, foreman, and 
all others who are interested m or connected with the indus- 
try. Third edition. Cloth. Price, f a.6» 
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PHYSICS AND CHBMISTRY OF MINING. By 

T. H. Byrom. a practical work for the use of all preparing 
for examinations in mining or qualifying for colliery man- 
agers' certificates. The aim of the author in this excellent 
book is to place clearly before the reader useful and authori- 
tative data which will render him valuable assistance in his 
studies. The only ^work of its kind published. The infor- 
mation incorporated in it will prove oi the greatest practical 
utility to students, mining engineers, colliery managers, and 
all others who are specially interested in the present-day 
treatment of mining problems. 160 pages, illustrated. 

Price, $2.00 



PATTERN MAKING 



PRACTICAL PATTERN MAKING. B7 F. W. 

Barkows. This book, now in its second edition, is a com- 
prehensive and entirely practical treatise on the subject of 
pattern making, xllustratinjg^ pattern work in both wood and 
metal, and with definite instructions on the use of plaster 
of paris in the trade. It gives specific and detailed descrip- 
tions of the materials used bv pattern makers and describes 
the tools; both those for the bench and the more interesting 
machine tools; having complete chapters on the lathe, the 
circular saw and the band saw. It gives many examples of 
pattern work, «ach one fully illustrated and explained with 
much detail. These examples, in their great variety, offer 
much that will be found of interest to all pattern makers, 
and especially to the younger ones, who are seeking informa- 
tion on the more advanced branches of their trade. Con- 
taining nearly 350 pages and 170 illustrations. Second edi- 
tion, revised and enlarged. Pricey 92.00 



PERFUMERY 



HBNIiBY'S TinrCNTIRTH CENTURY BOOK OF 
RECEIPTS, FORMULAS AND PROCESSES. Edited 
by G. D. Hiscox. The most valuable techno-chemical receipt 
book published. Contains over 10,000 practical receipts, many 
of wmch will prove of special value to the perfumer. 93*^0 

PERFUMES AND COSMETICS, THEIR PREP- 
ARATION AND MANUFACTURE. By G. W. 

AsKiNSON, Perfumer. A comprehensive treatise, in which 
there has been nothing omitted that could be of value to 
the perfumer or manufacturer of toilet preparations. Com- 
plete directions for making handkerchief perfumes, smelling- 
salts, sachets, fumigating pastilles; preparations for the care 
of the skin, the mouth, the hair, cosmetics, hair dyes and 
other toilet articles are given, also a detailed description of 
aromatic substances; their nature, tests of purity,* and whole- 
sale manufacture, including a chapter on synthetic products, 
with formulas for their use. A book of general, as well as 
professional interest, meeting the wants not only of the drug- 
gist and perfume manufacturer, but also of the general public. 
Fourth edition much enlarged and brought up-to-date. Nearly 
400 pages, illustrated. Prioe^ f 5.00 
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PLUMBING 

STAITDARD PRACTICAI^ PLUMBING. By R. 

M. Stakbuck. This is a complete treatise and covers the 
subject of modern plumbing in all its branches. It treats ex- 
haustively on the skilled work of the plumber and the theory 
underlying plumbing devices and operations, and commends 
itself at once to everyone working in any branch of the 
plumbing trade. A lar^e amount of space is devoted to a 
very complete and practical treatment of the subjects of hot 
water supply, circulation and range boiler* work. Another 
valuable feature is the special chapter on drawing for 
plumbers. The illustrations, of which tfiere are three hun- 
dred and forty-seven, one hundred being full-page plates, 
were drawn expressly for this book and sho>w the most 
modem and best American practice in plumbing construction. 
65^x9^. Cloth, 406 pages, 347 illustrations. Price, f 3.00 

MBCHANICAIi DRAT¥IN6 FOR PLUMBBRS. 

By R. M. Starbuck. A concise, comprehensive and practical 
treatise on the subject of mechanical drawing in its various 
modern applications to the work of all who are in any way 
connected with the plumbing trade. Nothing will so helo 
the plumber in estimating and in explaining work to cus- 
tomers and workmen as a knowledge of drawing, and to the 
workman it is of inestimable value if he is to rise above his 
position to positions of greater responsibility. 150 illus- 
trations. Prtce, f 1.50 

MODBRlf PLUMBING ILLUSTRATED. Bv R. 

M. Starbuck. The author of this book, Mr. R. M. Starbuck, 
is one of the leading authorities on plumbing in the United 
States. The book represents the highest standard of plumbing 
work. A very comprehensive work, illustrating and describ- 
ing the drainage ana ventilation of dwellings, apartments and 
public buildings. The very latest and most approved methods 
m all branches of sanitary installation are given. The stand- 
ard book for master plumbers, architects, builders, plumbing 
inspectors, boards of health, lx)ards oi plumbing examiners 
and for the property owner, as well as the workman and 
apprentice. It contains fiftv-five entirely new and large full 

gages of illustrations with descriptive text, all of which have 
een made specially for this work. These plates show all 
kinds of modern plumbing work. Each plate is accompanied 
by several pages of text, giving notes and practical sugges- 
tions, sizes of pipe, proper measurements for setting up work, 
etc. Suggestions on estimating plumbing construction are 
also included. 400 octavo pages, fully illustrated by 55 
fttll'page engravings. Prlee, 94.00 

RECIPE BOOK 



HBNLBT'S TIVBNTIETH CBNTURT BOOK 
OF RBCIPBSy FORMULAS AND PROCESSBS. 

Edited by Gardner D. Hiscox. The most valuable techno- 
chemical formulae book published, including over 10,000 se- 
lected scientific, chemical, technological and practical recipes 
and processes. This book of 800 pages is the most complete 
book of recipes ever published, giving thousands of recipes 
for the manufacture of valuable articles for everyday use. 
Hints, helps, practical ideas and secret processes are revealed 
within its pages. It covers every branch of the useful arts 
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And tells thousands of vraya of making money and is just the 
book everyone should haye at his command. The pages are 
filled with matters of intense interest and immeasurable prac- 
tical value to the photographer, the perfumer, Uie painter, 
the manufacturer of glues, pastes, cements and mucilages, 
the phjrsician, the druggist, the electrician, the brewer, the 
engineer, the foundryman, the machinist, the potter, the 
tanner, the confectioner, uie chiropodist, the manufacturer 
of chemical novelties and toilet preparations, the dyer, the 
electroplater, the enameler, the engraver, the provisioner, the 
glass worker, the goldbeater, the watcnmaker and jeweler, 
the ink manufacturer, the optician, the farmer, the dairyman, 
the paper maker, the metal worker^ the soap maker, the 
veterinary surgeon, and the technologist in generaL A book 
to which you majr turn (with confidence that you will find 
what you are looung for. A mine of information up-to-date 
in every respect. Contains an immense number of formulas 
that every one ought to have that are not found in any other 
work. New edition. Clotb binding, f 8«00| Half Morocco 
binding, Prlee» f 4.00 



RUBBER 



HBlTIiBT'S TlBinSNTIBTH CBNTURT BOOK 
OF RBGBIPTSy FORBIUIiAS AND PROCBSSBS. 

Edited by Gaxdnes D. Hiscox. Contains upward of 10,000 
practical receipts, including among them formulas on arti- 
ficial rubber. Prlce^ f 8.00 

RUBBBR HAITD STAMPS AND THB MANIP- 
UliATION OF INDIA RUBBER. By T. 0*Conor 

Sloane. This book gives full details of all points, treating 
in a concise and simple manner the elements of nearly everyt* 
thing it is necessary to understand for a commencement in 
any branch of the India rubber manufacture.^ The making 
of all kinds of rubber hand stami)s, small articles of India 
rubber, U. S. Government composition, dating hand stamps, 
the manipulation of sheet rubber, toy balloons, India rubber 
solutions, cements, blackings, renovating varnish, and treat- 
ment for India rubber shoes, etc.; the hektograph stamp inks, 
and miscellaneous notes, with a short account of the dis- 
covery^ collection and manufacture of India rubber are set 
forth in a manner designed to be readily understood, the ex- 
planation being plain and simple. Third edition. 175 pages, 
mustrated. Cloth. Price, fl.OO 



SAWS 



SAW FIIiING AND MANAOEMENT OF SAWS. 

By Robert Grimshaw. A practical hand book on filing, 
gumming, swaging, hammering and the brazing of band saws, 
the dpeed, work, and power to run circular saws, etc. A 
handy book for those who have charge of saws, or for those 
mechanics who do their own filing, as it deals with the proper 
shape and pitches of saw teeth of all kinds and gives many 
useful hints and rules for gumming, setting, and filing, and is 
a practical aid to those who use saws for any purpose. Third 
edition, revised and enlarged. Illustrated. Pricey fl.OO 
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SCREW CUTTING 

THRBADS AlfD THRE2AD CUTTING. By Col. 
viK and Stabel. This clears up many of the mysteries of 
thread cutting, such as double and triple threads, interna! 
threads, catching threads, use of hobs, etc. Contains a lot of 
ttseful hints and several tablet. Third edition. 

Pricet 25 eentm 

STEAM ENGINEERING 



AMBRICAX STATIONARY BNOINBBRING. By 

W. E. Crake. A new book by a well-known author. B^ns 
at the boiler room and takes in the whole power plant. Con- 
tains the result of years of practical experience in all sorts 
of engine rooms and gives exact information that canno* be 
found elsewhere. It's ^lain enough for practical men and yet 
of vsdue to those high in the profession. Has a complete ex- 
amination for a license. Second edition. 28*5 pages. Illus- 
trated. Cloth. Price, f 2.00 

STBAM BNOINB CATE2CHISM. By Robert Grzm- 
8RAW. This volume of 413 pages is not only a catechism on 
the question and answer principle, but it contains formulas 
and worked-out answers for all the steam problems that 
appertain to the operation and management of the steam 
engine. Illustrations of various valves and valve gear with 
their principles of operation are g^ven. 34 tables that are in- 
dispensable to every engineer and fireman that wishes to be 
progressive and is ambitious to become master of his calling 
are within its pages. It is a most valuable instructor in 
the service of steam engineering. Leading engineers have 
recommended it as a valuable educator for the beginner as 
well as a reference book for the engineer. Sixteenth edition. 

Price, f 2.00 

BOIIiBR ROOM CHART. By Geo. L. Kowler. A 
chart — ^size 14 x 28 inches — showing in isometric perspective 
the mechanisms belonging in a modern boiler room. Water 
tube boilers, ordinary grates and mechanical stokers, feed 
water heaters and pumps comprise the equipment. The 
various parts are shown broken or removed, so that the in- 
ternal construction is fully illustrated. Each part is g^ven 
a reference number, and these, with the corresponding name, 
are given in a glossary printed at the sides. This chart is 
really a dictionarjr of the boiler room — the names of more 
than 200 parts being given. It is educational — worth many 
times its cost. Price, 26 cents 

ESMINENT BNOINEBRS. By Dwxght Goddard. 
Everyone who appreciates the effect of such great inventions 
as the steam engine, steamboat, locomotive, sewing machine, 
steel working, and other fundamental discoveries, is inter- 
ested in knowing a little about the men who made them and 
their achievements. Mr. Goddard has selected thirty-two of 
the world's engineers who have contributed most largely to 
the advancement of our civilization by mechanical means, 
giving only such facts as are of general interest and in a way 
which appeals to all, whether mechanics or not. 280 pages, 
35 illustrations. Price, f 1.60 
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BNOINE3 RUNNER'S CATECHISM. By Robert T. 
Gkimshaw. Tells how to erect, adjust and run the princi- 
pal steam engines in use in the United States. The work 
IS of a handy size for the pocket. To young engineers this 
catechism will be of great value, especially to those who may 
be preparing to go forward to be examined for certificates 
of competency; and to engineers generally it will be of no 
little service, as they will find in this volume more really 
practical and useful information than is to be found any- 
where else within a like compass. 387 pages. Seventh 
editioiL Aice, fS.OO 

MODERN STEAM ENGINEERING IN THEORY 
AND PRACTICE. By Gardner D. Hiscox. This is 
a complete and practical work issued for stationary engi- 
neers and firemen dealing with the care and management 
of boilers, engines, pumps, superheated steam, refrigeratine 
machinery, dynamos, motors, elevators, air compressors, and 
all other branches with which the modern engineer must be 
familiar. Nearly 200 cfuestions with their answers on steam 
and electrical engineering, likely to be asked by the exam- 
ining board, are included. Third edition. 487 pages, 405 
engravings. Cloth. Price, $3.00 

HORSE POIVER CHART. Shows the horse power 
of any stationary engine without calculation. No matter 
what the cylinder diameter or stroke; the steam pressure 
or cut-off; the revolutions, or whether condensing or non- 
condensing, it's all there. Easy to use, accurate, and saves 
time and calculations. Especially useful to engineers and 
designers. Price, 60 cents 

STEAM ENGINEER'S ARITHMETIC. By CoL- 
vik-Cheney. a practical pocket book for the steam engi- 
neer. Shows how to work the problems of the engine room 
and shows "why." Tells how to figure horse-power of en- 
gines and boilers; area of boilers; has tables of areas and 
circumferences; steam tables; has a dictionary of engineerinis 
terms. Puts you onto all of the little kinks in fieuring what- 
ever there is to figure around a power plant. Tells you about 
the heat unit; absolute zero; adiabatic expansion; duty of 
engines; factor of safety; and 1,001 other things; and every- 
thing is plain and simple — not the hardest way to figure, 
but the easiest. Second edition. Prlce^ 60 cents 

STEAM PIPES 



STEAM PIPES t THEIR DESIGN AND CON- 
STRUCTION. By Wm. H. Booth. The work is well 
illustrated in regard to pipe joints, expansion offsets, flexible 
joints, and self-contained sliding joints for taking up the ex- 
pansion of long pipes. In fact, the chapters on the flow of 
steam and expansion of pipes are most valuable to all steam 
fitters and users. The pressure streng^th of pipes and method 
of hanging them is well treated and illustrated. Valves and 
by-passes are fully illustrated and described, as are also flange 
joints and their proper proportions. Exhaust heads and sepa- 
rators. One of the most valuable chapters is that on super- 
heated steam and the saving of steam by insulation with the 
various kinds of felting and other materials, with comparison 
tables of the loss of heat in thermal units from naked and 
felted steam pipes. Second edition. Contains 187 pages. 
Cloth. Price, fa.OO 
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STEAM HEATING AND VENTILATING 



PRACTICAIi STEAM, HOT-IVATER HEATING 
AND VENTILATION. By A. G. King. This book has 
been prepared for the use of all engaged in the business of 
steam, hot-water heating and ventilation. Tells how to get 
heating contracts, how to install heating and ventilating 
apparatus, the best business methods to be used, with "Tricks 
of the Trade*' for shop use. Rules and data for estimating 
radiation and cost and such tables and information as make 
it an indispensable work for everyone interested in steam, 
hot-water heating and ventilation. It describes all the prin- 
cipal systems of steam, hot-water, vacuum, vapor and vacuum- 
vapor heating, together with the new accelerated systems of 
hot-water circulation, including chapters on up-to-date methods 
of ventilation and the fan or blower system of heating and 
ventilation. Second .edition. 367 pages, 300 detailed enerav- 
ings. Cloth. Price, f 3.00 

600 PLAIN ANSIVERS TO DIRECT <^UES- 
TIONS ON STEAM, HOT-IVATER, VAPOR AND 
VACUUM HE3ATING PRACTICES. By Alfred G. 
King. This work, just off the press, is arranged in question 
and answer form; it is intended as a guide and text-book for 
the younger inexperienced fitter and as a reference book for 
all fitters. All long and tedious discussions and descriptions 
formerly considered so important have been eliminated, and 
the theory and laws of heat and the various old and modern 
methods and appliances used for heating and ventilating are 
treated in a concise manner. This is the standard Question 
and Answer examination book on Steam and Hot Water 
Heating, etc. 200 pages, 127 illustrations. Octavo. 
Cloth. Price, f 1.50 

STEEL 



HARDENING, TEMPERING, ANNEALING, 
AND FORGING OP STEBSIi. By J. V. Wooixworth. 
A book containing special directions for tne successful hard- 
ening and tempering of all steel tools. Milling cutters, taps, 
thread dies, reamers, both solid and shell, hollow mills, 
punches and dies, and all kinds of sheet- metal working tools, 
shear blades, saws, fine cutlery and metal-cutting tools of all 
descriptions, as well as for all implements of steel, both large 
and small, the simplest, and most satisfactory hardening and 
tempering processes are presented. 320 pages, 250 illustra- 
tions. Fourth edition. Cloth. Price, $2.60 

STEEL.I ITS SEL.E2CTION, ANNEAIiING, HAR- 
DENING AND TEMPERING. % E. R. Markham. 
This work was formerly known as "The American Steel 
Worker," but on the publication of the new, revised edition, 
the publishers deemed it advisable to change its title to a 
more suitable one. This is the standard work on hardening, 
tempering, and annealing steel of all kinds. This book tells 
how to select, and how to work, temper, harden, and anneal 
steel for everything on earth. It is the standard book on 
selecting, hardening, and tempering all grades of steel. 
400 pages. Very fully illustrated. Fourth edition. 

Price, 92i.60 
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